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Organ Doses in Routine Radiographic Procedures 
Ahstrad 
A I Jl esis Sll blllittE'd in partial fulfillment. of the requirements for the degree of Master 
of Science at Virginia CorrmLOnwealth University. 
Yallg Han 
Virgill ia CnllmlOnwealth University, 1 989 
Major Director: Ding-Yu Fei, Ph. D. 
There is genE'ral agreement that the extent of t.he risk from x-ray examinatioll is 
related in some way to the radiation dose. As the dose increases, the likelihood 
of significant biological effects also increases. If a clear correlation between close 
and effect is to be established, a convenient and reasonably accurate method (.If 
estimating patient's absorbed doses during COIll1l10n radiographic examinatiuns will 
he highly Jleeded. A simple method is developed ill this project to determill e the two 
important parameters - exposure at skill entrallce (ESE) and half valu� layer (II VL), 
which is essential to get reasonably accurate estimates of absorbed doses. Then, the 
patient's absorbed doses in COIIUnon x-ray examinations can be estimated using t.he 
computer program. The absorbed doses ill 12 routine radiographic projections were 
calculated by the use of clinical data in MeV Hospital. 
Chapter 1 
Introduction 
The origin of the x-ray machine can be traced to the discovery by Roent ­
gel) in 1895 that electrons striking surfaces wit.hin an electron tube at high speed 
generated a penetrat ing radiation, which he called x radiat iun . The radiali'Jn was 
deteded accidentally when a paper screen washed wit h barium-platillO-cyanide Iii 
up hrilliant Iy in a dark roullI in the v icinity uf the electron tube, wh ich was cliverI'd 
with a close ly fittillg mautle of thin black cardboard [Laws, 1977]. 
It was soon found that,  because of t heir ability to penetrate matter, x rays 
could be used to produce pictures of interior of ubjects, and, over the years, x-ray 
machines were developed that cuuld show the interior uf objects in great det ail. 011 r 
concern here is primarily with the use of x rays in examinations uf the in tefl lal stTIIC­
ture of the human body, that is, with photon energies less than 150 ke \'. Because x 
rays are so valuable in the diagnosis of disease and inj llry, they are �sed fl)lItillely 
ill medical prartic:e ,  and as a result they are responsihle for most of the exposure 
of t he puhl ic to iunizing radiation, ou tside uf exposure due to the nat ural radiatioll 
background , which is radiat iull from nat urally occurr i llg radiuactive materials and 
rosllli c  rays [Hale and Thomas, 1985]. 
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The production of injury to living matter by ionizing radiation is the result 
of tLle transfer of large amounts of energy indiscriminately to individual molecules 
ill the region through which the radiation passes. These large energy transfers cause 
disruptions of the molecular structure, and when the molecules affected nre essential 
for the normal ftUlctioning of a cell, the cell ill ttlrn stlffers injury or dies [ Upton 
et al., 1.986J. Thus, the imparting of energy by ionizing radiation to living matter 
may be characterized in general as a harmful process, and the greater the energy 
imparted, the greater is the injury produced. 
Because the transfer of energy plays the key role in the production of injury 
by ionizing radiation, aU measurements and calculations to evaluate the hazard 
from ionizing particles have, as their initial object, the determination of the energy 
imparted by the ionizing particles to the region of concem. To talk quantitatively 
about E'nergy imparted by radiation, we nE'ed to define the concept of radiatioll dose. 
Dose is the amount of energy per unit Ulass absorbed by tissues in our body WhPoll 
exposed to radiation. So, the biological effect of radiation is proportional III some 
way to the radiation dose. 
We know that large doses of radiation can kill living ceLIs. In radiation 
therapy, this effect is used as a treatment to deliberately kill cancer cells [Johns and 
Cunningham, 1983J. The effects on humans of low duses of radiation' (less than 25 
rad ) similar to those delivered during common diagnostic x-ray exaruinati()lls are nut 
immediately noticeable. But during the last 30 years, much information has been 
amassed abuut the biological effects of radiatiou [Gofman and O'Connor, 1985J. Now 
we know the risks of corrunon diagnostic x-ray examinations are small, and large 
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populations of individuals must be s tudied to observe the effect s .  Furt.hermore, 
radiath)l\ t'fft'cts  lll\vt' a long latent period; for some effects, as long as 20 yt'ars IIlRy 
elapse between the radiation exposure and the appearance of the related disease 
[Hale and Thomas, 1985] . 
For radiation- safety considerat iuns, the most radiosensit ive organs i ll the 
body are active bone marrow (because of the risk of induction of leukemia), testes, 
ovaries, uterus (embryo), female breast s  and thyroid [Rosenstein, 1976]. To evalunte 
the small, but still existent risks fmm radiographic examinations, we need informa­
tiun about the doses to these organs from typical examinations .  The purpose (If this 
project is tu determine the doses delivered to these sensitive organs as a result of 
common radiographic procedures. The significance of this work will hopefully he 
t.he reduction of population doses from medical x-ray examinations as a result of a 
knowledge of radiation doses currently administered. 
Chapter 2 
Literature Review 
2.1 BR(Okground Knowledge of X-Ray 
2.1.1 X-Ra.y ProJuction 
X-ray are produced when eledrons accelerat.ed from the cathode strike the 
anude. Two processes contribute to x-ray production: 
Brl"ITlsstrahlung 
Characteristic x-ray production 
Bremsstrahlung is the G erman word for "braking racliation". A moving I"lec­
tron gives off this radiation whenever it stops. When an electron is stopped by the 
nllcll"i in the anode, some of the electron is convertl"d to x rays and most is converted 
to heat. At  diagnostic energies about 99% of the electron energy is convertl"d to 
heat and only 1% of the energy appears as x rays [Christensen et ai'f 1978]. 
X-Ray Energies 
Even thuugh all electrons striking the anode have the same enl"rgy, the 
IIrems�t.rahlllng prucess prnduces x rays with many d ifferent I"lll"rgil"s. Figure 2.1 
4 
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presents a typical x-ray spectrum produced by Bremsstrahlung. The x-ray intensity 
is ploUed against the x-ray energy. 
Bremsstrahlwlg x rays range in energy frum zero tu a maximum energy equal 
t<.> t he energy of the bombarding electrons. X-ray productiun via the Bremsstrahlullg 
process increases with increasing energy of the bombarding electron beam as well 
as iuneasillg atomic lIulllber I)f the target. Most of t.he low euergy phot.cJlls calluot. 
penetrate the wall of the x-ray tube. The straight line illustrates an x-ray spectrum 
produced at the anode. The curve illustrates the x-ray spectrum emitted from an 
x-ray tube. 
Chnraderistic X Rny s 
Characteristic x rays are produced by transitions between electfl)J\ orbits. 
The differellce in the billding energies of the two orbits is released as an x-ray pilutnu. 
Because these orbit.al euergies are uuique fIJr each atum, the x rays are dmraderistic 
of the particular alt,rns. Figure 2.2 preseuts an x-ray spectrum IJbtained frolll t.he 
bOlUbarrimeut of a tungsten target. 
Vnrintioll of X-Ray Output with lilA 
Changes in the number of electrons bombarding the anode ( iliA ) chauges 
ollly the nwnber of x rays not the energy distribution (shape of x-ray spectrulll) IIl)r 
the maximum energy of x rays. Figure 2.3 illustrates the change ill x-ray spectrum 
with ltV\.. 
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Figure 2.1: Energy spectrum of x rays produced by Bremsstrahlung [From Gifford, 
1984] 
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Figure 2.2: Energy spectrum produced by 100 keY electrons on tungsten [From 
Kelsey, 1985J 
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Variatioll "f Intensity with kVp 
Fignre 2.4 illustrates the effect of changing the kVp on the intensit.y of the x 
rHys emitted from the tube. As the kVp is ill creased, buth Ihe ellergy of the highest 
energy pll l)tol1s and the number of photons at al l energies increase. Notice that very 
few of the x-ray phutuns in the beam have energies equal to the app lied kVp. 
Effective Filh'atioll 011 the Beam 
Figure 2.5 iUustrates the effect of added filtration on the x-ray beam. The 
straight line indicates the x-ray spectrum produced at the anode. Most of the very 
luw energy x rays are removed from the beam by t.he inherent nitration of the x­
ray tube wall and cullimator. A dding ftltration reduces the number of photons at 
aU energies but the lower energy photons are reduced proportionately more than 
higher energy photons. Most of the low energy photons contribute nothing to the 
diagnosis because they are absorbed in the body of the patient. By adding filtration, 
the penetrating ability of the x-ray beam is increased and p atient dose is redllced. 
State and Federal regulations require at least 1.5 nun Al filtration for 70 k V p x-ray 
beams and at least 2.5 nun Al  filtration for x-ray beam energies grealer than 90 
k"p [Kelsey, 1985]. 
2.1.2 X-Ra.y llileraclion 
The intensity of a Illolloenergetic x-ray beam passing through a layer of attell-
uating material depends on the thickness and type  of material. If successive layers 
of at tenuating material are added to the beam as shown schematically in Jigure 2.6, 
> 
t: 
U) 
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z 
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Figure 2 .3: Variation of intensity with changes in rnA [From Kelsey, 1985J 
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Figure 2 .4: Effect of changing kVp on x-ray spectrum [From Stanton, 1969J 
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and the transmitted beam intensity change tJ.I! I is a constant for a constant added 
thickness tJ.:r:. That is: 
tJ.1 = -1· I' . tJ.:r: 
Where tJ.I is the chnnge in intensity, 1 is the intensity, Jt is the "linear attenuation 
coefficient" al1<1 tJ.:r: is the added thickness of material. The minus sign indicates a 
decrease in intensity. This equation can be integrated to give 
The lillear attenuation coefficient, 1', is measured ill units uf !CIIl. It gives the 
fractional reductiun of x-ray intensity per em of attenuating material. Figure 2.7 
presents the transmitted intensity as a function of added thickness fur a munueller-
get.ie beam. 
Half-Value Layer 
The half-value layer (HVL) is defined as the amount of material which must 
be added to the x-ray beam to reduce the original intensity by a factor of two. It is 
one of the most important parameters about x-ray, because it presents the quality 
uf the beam. The half-value layer can be expressed in terms of the attenuatioll 
coefficient as: 
HFL = 0.693 
I' 
lU 
'0 
. .. 
PH010N £toIE.RCY ... � 
Figure 2.5: Effect of changing filtration 011 x-ray spedrum. A. As produced wit.hin 
Ihe tube . D_ In beam leaving tube, after traversing the inherent filtratiull of the 
tube and its housing. C. III beam reaching patient, after traversing both inherent 
filtration and extemal fLlter [From Stantoll, 1969]. 
D 
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Figure 2.6: Simple at I en uat ion experiment 
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First and Second Half-Value Layer 
The half-value layer of an x-ray beam is defined as the amount of material 
required to attenuate the original intensity 10 of the beam to one half its original 
value (/0/2). The second half-value layer is defined as the amount of material 
required to reduce the beam intensity by an additional factor of two (to 10/4). if 
all the x rays have the same energy, then the first and second HVL's are the same 
as shown in Figure 2.7. 
The actual x-ray beam contains a mixture of x-ray energies, so the first 
and second HVL's will be different. That is because when an x-ray beam passes 
through the body, more low energy- "softer" x rays, are absorbed by body tissues 
than higher energy x rays. The penetrating ability of the beam increases as it 
passes through more tissue because relatively more of the lower energy photons are 
removed from the x-ray beam. The second half-value layer is always greater than 
the first half-value layer for diagnostic x-ray beams. Only with a monoenergetic 
beam are the first and second HVL's equal. Figure 2.8 presents a plot of intensity 
as a ftmction of added material (AL) for a multienergetic x-ray beam. 
Tissue Half-Value Layer 
The half-value layer ill tissue of most diagnostic x-ray beams is between 3 
and 6 crn. Tlus means that a change i.n patient thickness of 5 cm requires an mAs 
change by about a factor of two. With an average patient, only about a few percent 
'Ute iucident. x [a,lla ernellge from the p.atiellt [Wagller, 1985]. 
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Figure 2.7: Transmitted intensity of a monoenergetic :x-ray beam as a function of 
added thickness of aluminum [From Kelsey, 1985] 
Figure 2.8: Transmitted intensity of a multi-energy :x-ray beam as a function of 
added thickness of aluminum [From Stanton) 
X-Ray Interactions in Matter 
There are five ways in which x rays can interact with maHer. They are: 
Coheren l Scattering 
Photoelectric interactions 
Compton Scattering 
Pair Pwdudil ll IlIlerad.iolls 
P hot( Jdisill tegration Interac tiuns 
The total attenuation coeffident /Ltotal is a combination of these illt.eractiulls 
J.I·eoh + /Lpho + /Leom + Itpair + /Ldi, 
I'pair and I'di, are zero below 1 MeV and so do not participate in the inter­
actions at diagnostic eIll'rgies [Johns and CUIIningham, 1983J. 
Figure 2.9 and 2.10 give a qualitative demonstration of a MOllte Carlo simu-
lation of the raudum uature ann widespread distriblltion of x-ray sratt.ering in 1:l1e 
phl\ntol1l [noi and Chan, 19ROj. A nl\rrow x-ray hel\m is inddent norlllal t.o 1.1.1' 
phantom surface frolll t.op. All iu ddellt pllol.fJll may have the first interactioll along 
thl' central I.>l'a111 axis or may pass through the phantom. \Vhen the first interart.ioll 
occurs, thl' location is indicated by a dot. If the effl'ct is photoelectric, the phutoll 
is absorhl'd totally. If Compton or coherent. scattl'ring OCClIfS, the seatterI'd pho­
ton travels inside the phantom in a direction whirh is dl'termined by thl' st.al istical 
nature l,f the scatlering process. When the scatlered photon ulldergoes a serolld ill­
terartion, the location is indicatl'd by allothl'r dot. The srattering proress is traced 
lIntil aU photon energy is absorbed hy the phantom or the scattered photon esrapes 
14 
the phantom. 
ExpOflllre and A bs orbed Dos e 
X rays calise ionization as they pass through air. The nUlllbE'r uf iUIiS crE'ated 
is dE'pE'JI(lent on the nUlllbE'T and energy of x rays passing I hrough it. Exposure is 
the amount of iOllic charge created pE'r unit lIlass of air by x rays. It is measured in 
units called fOE'nt.gen (It). Oue rl.lE'nt.gE'n of x rays produces over 2 bilLioll ion pairs 
per cuhic centimeter of E'xposed air at standard tempE'ratnrE' aJl(I prE'ssure. 
Although exposure is all adE'qual.e quantification of diagnostic x rays emit­
t.ed frolll a source, a more relevant. measurement for binlugic damagE' is the enE'fgy 
deposited in I:issue through the int.eradioll of iOllizillg radiations. Absorbeu dose is 
the energy illlpartE'u to tissue per wtit mass of tissue. It is measlueu ill units of rad. 
Olle rad is strictly defined as the dE'positioll of 0.01 joules of energy per kilogram of 
tissue. 
Tis s ue-A il' RAtio (TA R) 
The right sidE' of Figure 2.'11 shows a bE'alllof radiat.inll inc.idelil. 1111 a phalltnm 
ali(I the left side shows the same he am with the phallt'-,11\ removed. The tissne-air 
ratio (1�) is the ratio of dose at X to the duse at X' and is rE'prE'selit tld by: 
It depends on the depth d below tilE' surface of the phantom, the area Ad of t ile 
beam measllfE'd at dE'pth d, alld on the quality of the radiation, represE'litE'd herE' 
hy h". The dE'pelldE'llce 011 these variables is indicated by including thE'm within 
I -
< -
J -
'.11 - .  - , - . - 2 
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Figure 2.9: Lateral view of a 5-cm-thick,50% water/50% fat phantom. A narrow 
x-ray beam of 28.5 keV is incident normal to the phantom surface from the top. 
Dots represent interaction sites for 2,000 incident photons [From Doi and Chan, 
1980]. 
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Figure 2.10: Top vIew of the phantom [From Doi and Chan, 1980] 
16 
parentheses after the symbol Ta. 
The meaning of tissue-air ratio, as applied to a patient, is illustrated ill 
Figure 2.12. Figure 2.12(11.) shows a circular beam of raniation having CTf)Ss-sE'ctional 
area Ad at a distance Fa from the source. �he beam is in air. After a given 
irradiation let the dose to a small mass of tissue on the axis be D X I. The solid line 
conlollr ill Figllre 2.12(b) represents a paliellt ill place bE'ing irradiat.ed by lhe sallie 
beam. The depth of tissue overlying the axis is d and the dose at this point, Dx, 
may be calculated directly by the relation: 
Dx = DXI·Ta(d,Aa,hv) 
The tissue-air ratio is a very useful tool in describing dosimetric information. TARs 
are convenient because they are independent of the source-to-skin distance; there-
fore, one table is generally applicable to many examination geometries. 
2.2 Estimation uf Patient's Absorbed Dose 
2.2.1 Estimation of Absorbed Dose in Radiographic Examination hy Monte 
Carlo Simulation 
When a patient is placed in a photon beam of known quality and quantity, 
. 
the photons will be absorbed and scattered, and both the quality and quantity of 
the beam wilJ be changed. Those x rays that give up all their energy are "absorbed" 
by the tissue and no longer exist. X rays that give up only part of their energy are 
dlverted from their line of travel. These are referred to as scattered x rays. The 
deposition of energy by scattered radiation, therefore, can occur outside the primary 
17 
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Figure 2.11: Diagram to illustrate the meaning of TAR [From Johns and Cunning­
ham, 1983J 
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Figure 2.12: (a and b) Schematic diagram to illustrate the use of TAR in dose 
calculations [From Johns and Cunningham, 1983J 
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field of x rays. So, only a few percent of the x rays entering patient actually get 
through to make the image [Figure 2.13]. 
Here, we are concerned with the absorbed doses received by sensitive organs 
in the patient. Since it is almost impossible tp measure this directly, it must be 
calculated. Monte Carlo calculation is by far the most successful method for the 
simulation of the stochastic process of partjcle transport in a scattering medium 
because individual interactions can be recorded and multiple-scattering events can 
be traced [Chan and Doi, 1984][Chan and Doi, 1985]. 
Monte Carlo radiation transport technique simulates and records stochasti­
cally the energy deposition of x-ray photons as they undergo physical interactions 
ill a mathematicaUy described anthropomorphic phantom. This is accomplished by 
foUowing the radiation transport of the energy of the incident photons using distri­
butions knowlI in radiation physics and recording the resulting energy depositions 
at the sites of interaction [Chan and Doi, 1983]. The scattering properties of a 
given meclium (e.g., tissne ) are calculated hy equations that are known to descrihe 
accurately the physical scattering processes in the medium. Stochastic processes 
are simulated by probability density functions and an algorithm that generates ran­
domly distrihuted numbers. When the technique is applied to simulate the inter­
action of cliagnostic x rays in human tissne, the physical processes t;eated are the 
photoelectric. effect and Compton scattering [ I{osenstein, 1976]. 
The anthropomorphic phantom represents a reference human and is hetero­
geneous [Figure 2.14 and 2.15]. It consists of skeletal, lung, and tissue regions with 
corresponding compositions and densities. The important human organs are math-
X ,ays penetratIng 
patIent make the Image 
/ 
/ 
Many x rays are absorbed or 
scanered while traverSing 
patient tissues 
" X rays enter pallent 
Very lew scanered x 'C:tys 
reach the conceptus 
Figure 2.13: Diagram to illustrate the x-ray examination [From Wagner, 1985) 
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ti-:";"'�=--t--- THYROID 
'-:"�!---LUNGS 
UTERUS 
OVARIES 
'-7-f-- TESTES 
174 em 
70 kg 
Figure 2. 14: The adult reference patient [From Rosenstein, 1976) 
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SKULL 13.1 'l'o 
VERTEBRAE 28.4 'l'o 
RIBS + STERNUM 10.2'l'0 
SCAPULAE 4.8'l'0 
HEAD AND NECK 1.9 'l'o 
OF BOTH ARMS 
BOTH CLAVICLES 1.6 'l'o 
HEAD AND NECK 3.8 'l'o 
OF BOTH LEGS 
PELV IS 36.2'l'0 
TOTAL AMOUNT OF REO BONE 
MARROW: 1500 9 
fB REO BONE MARROW 
Figure 2.15: Idealized model of the skeleton for computer calculation (left ) and a 
more realistic representation (right) with percentages of red bone marrow found in 
the shaded portions of the bones. The clavicles and scapulae for the model are not 
shown in the figure, but are included in the calculation [From Rosenstein, 1976]. 
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ematically formulated within the phantom and are the interaction sites of interest. 
Energy depositions are accumulated at these sites. The average absorbed dose in 
the organ of interest is obtained directly by dividing the accwnuJ.ated energy by 
the mass of the organ. The basic data are obtained in terms of the tissue-air ratio 
. ' 
\ hich is the average absorbed dose in the organ per wtit exposure (free-in-air) at 
the organ reference plane. 
The details of the Monte Carlo tecllllique and the phantom, as applied gen-
erally with diagnostic x-ray photon energies, can be fOlUld in [Chan and Doi, 1 983] 
and [Rosenstein, 1976] . 
2.2.2 Est imatiun of Absorbed Dose i n  OT Examinat ion 
Doses in Computed Tomography (CT) examinations are important sillce their 
levels could be high depending on the operation conditiolls. Newer CT systems cau 
operate at high mAs and have narrow scall1ling slice available. Very high doses 
can be produced by the use of these capabilities. Therefore, it is important for 
practitioners to be aware of the doses associated with titeir CT teclutiques. 
Because of narrowly collimated x-ray beams, ti le variety of scalUling mo-
tiOllS, the lllunber of scans in the procedllre and different operating conditions, the 
method for describing the CT doses is quite different from that fur estimating the 
radiographic doses. Figllre 2 .16 and 2.1 7 show the complexity of the dose distribu-
tions resulting from a siugle CT scan. In Figllre 2 .16, the shaded region indicates 
tIle portion of a cylindrical dosimetry phantom, subjected to direct irradiation by 
the moving, narrowly collimated x-ray beam during a CT scan. The line labeled 
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DE l E C TORS 
Figure 2 . 1 6 :  Illustration of CT system geometry, coordinate system used, and t ypical 
dose distribution of a single scan of CT system [From Shope et ai . ,  1981J 
5 0  
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� 2.0 
\ .0 
3600 Rotating Sourn · � Stotionory Dele-ctOt S�tem 
10 rnm ,I;(e IhK.k�n 
o 
30 .0 
z - o x i s  position (mm) 
Maximum do�t' ( rod )  in 
proJae of e-och location 
Figure 2 .17 : D ose profiles and maximum doses measured in profiles [From Shope et 
ai . , 1981 J  
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A 13 Ull the cyl l iuler parallel to the z axis is all example of a Hne alung which the 
dose proHle could be measured as a flUlctioll of pusition . III Figure 2.17, the letters 
indicate the locations, with respect to the phantom cross sections shown at right ,  
where profile shown on the left is measured. 
In practice , few diagnostic CT procedures consist of only one scan. Cliltically, 
most CT procedures COhsist of a series of scans separated by distances on the order 
of the selected slice thickness. Figure 2.18 shows the dose profues resulting from 
multiple scan series. The s ingle scan profUe, labeled with the nWllber 1 ,  is a typical 
profUe which would be rneasllfed 011 or near the surface of a phantom in a scan 
procedure having a slice thickness 'I as specified by the CT manufacturer. The 
mult iple scali profLles are formed by superposition and swnmatiol1 of the single scan 
prufUes contl'ihu ting tu the multiple scan procedure. As the number of single scans is 
increased, the average dose of the mult iple scan dose profUe reaches a limiting value. 
This value is reached when the first and last scans of the series are sufiicientiy 
separated from the central scan of the series so that they don't contribute any 
significant dose to the region of central SCalI. Shope [Shupe et al., 1981 J defines it 
as the mwtiple scan average dose (MSAD) for a mwtiple scan dose profUe, denoted 
by M. It is given by the equation: 
11/2 
MN 1 = { l1I) DN,I (Z)dz , -1/2 
where DN,l(Z) is the dose as a function of position (X,Y constant ) for a mult iple 
scnn dose profile consisting of N scans separated by a constant  distance of I [see 
Figure 2. L9(h )J . It is a proper estimation of the doses delivered in CT procedures 
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F i � l J re 2 . H l :  ( n )  S i l 1 l 1 1 l n ted dose profile D J ( Z )  f"IT B s i l lgle s e n l l  w i t h s l icp t h i c k l lPss  
T .  ( I.» S i l l l l d Rtpd dose profi le  DN,I ( Z )  from s l Jm lTlB t inl l  of i s c a l l s  separ a t e d  by R 
d is t ame J e<jI l RI ( 0  ( l ie  s lice th ick l less  T [Frolll  S h ( )pe et a i . ,  1 98 1 ] .  
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consi sting of multiple scans. Instead of measuring MSA D ,  Shope [Shope et aI. ,  
1 98 1 ]  proposed a convenient way of predicting i t  using the dose descriptor - the 
computed tomography dose index (CTDI) ,  which is denoted as C and defined by 
C = ( l iT) L: Di(Z)dz 
where Dt (Z )  is the duse as a functiun of position along the Z axis for a single scan 
dose profile at a given point (x ,y ) .  '1' is the slice thickness [see Figure 2 . 19(a)] . 
Mathematically and experimentally, Shope et al.  proved the relation bet ween 
MSAD and CTDl: 
The above equation is valid when the series consists of a large number of scans 
(greater than 8) separated by the slice thickness. It is very useful because the CTDI 
determined from single scan dose profile can be used to pre did the dose in the 
central region uf a multiple scan prucedure. 
Since a pencil-shaped ionization chamber (pencil chamber) can effectively 
average the radiation incident along its length [Suzuki, 1978] , CTDI can be easily 
measured using a pencil chamber to get quick, reliable estimates of the radiation 
duse from CT procedures consisting of a series of adjacent scans . 
Chapter 3 
M aterials and Methods 
3 . 1  E s t i mnting t he A hsor b ed Dose I II Rndiogrnphic Examin ntion 
1 11 th is prujec t ,  a computp[ program prov i ded by t he Center fur Dev ires and 
Radiulugical Heal th is  used to estimate the absorbed doses 10  several tissues uf a 
reference patient for a specified x-ray projection using tissue-air ratius generated 
prev iously by a Mun I e Carl" tech n ique [Rosenstei n , 1 976 j [Petersun and Rosenstein, 
1989] . The program is written in VAX-FORTRAN amI uses format ted and ulI[.,r­
matted direct access sequential data files. All subroutines used by the program are 
also i n  \' AX-FORTRAN .  A system flow diagram for the cumputer program is shown 
i n  Fig l l re 3 . 1 .  
The prngram was orig inal ly  developed for rad iograph ic p rnjectio/ i s  and i ts  
principal app l ication has been to radingraphy. A variety of nl l l  p l l t. I abIes wh ich l i s t  
the t is sue doses for a projection can h e  seleded by the I Iser. The t issues i ncl uded 
are the lungs, act ive bone marrow, ovaries, testes ,  t hyroin , uterus, total trunk (ex­
chId ing skeletal ann l llng tissues) , female breasts.  Also, many common ran iogrnph ic 
projPct ioll s cnn be specified in the program by project ion code. 
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PROJ E C  JO�. 
Pf..RJJ'l[";"2� 
MAIN P ROGKAM 
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Add i t i onal 
Subrou t ines : 
BREST 
FEMALE 
CINDX 
Figure 3 . 1 :  The flow diagram of computer program [From Peterson, 1989) 
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T h e  data requ irE'd to apply the computer program to est imatE' absorbE'd dnse 
I I I  t h l lsE' t issues are: 
P rojpd inll alld view ( Limi t.ed t.o an t.E'rnpnst.prinr ( A I ' ) ,  postE'roal l t.f'r inr ( I ' A ) ,  
and lateral) 
X-ray field size at image recpptor 
X -ray fiE'ld  location relative to anatomical landmarks 
Exposure (frE'e-in-air) at sk i n  E'llt rallCe ( ESE)  
Hearn q1lal i t.y  ( kVp  and H \,L )  
SI I l I rre-tn- i ll lagE' rE'cE'pt.or d i stance ( S I I » )  
Among these parameters , only ESE and 1 1  V L values are not readily avail-
able at I he x-ray examinations . So they need to be determined beflJre rU llning t. he 
Cl l l llp 1 l ter pr<.>gral l l .  
3 . 2  Meas u ring t h e  P h antom D o s e  i n  CT H ead S c a n  P roced ure 
A CT unit ,  GE 9800 in MCV Huspital, was invulved ill the study. Data were 
cullected using a standard dosimetry head phantom alld a MDJ l  mo(Lel 10x5-10.3 
CT pencil chamber connected with a MDll model l 015 x-ray monitor. The phantom 
has several hules parallel to the axis of CT scan rotation to allow the posil ioning of 
t he pellCil chamber at the center of the phantom and at four sites 1 (Ill inside the 
surface of the phantulll . The fucus uf the st udy is to evaluat.e I lie erred of challges 
in teclUlical parameters on the phantom duses in stal lliard CT head pl'<Jcellures . 
As previously described [Gagne et a l . ,  1983] , MSAD can be cUll lPuted using 
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t he chamber reading in a single sran as: 
M S A D = ( ! · C · M · L )/T ( 3 . 1 )  
where f is R-rad conversion factor, which i s  0.78 (rad/H.) since a 7 0  keV effective 
energy of CT x-ray beam is assumed [Gagne et al . ,  1 98:1] ;  C is chamber calibration 
factur, whirh is 2 ill the study; AI is chamber reading (R) ;  L is chamber lengt h ,  
which is 100 llilll; l '  i s  slice t hickness (mm) . 
Chapter 4 
Res ults 
4 . 1  AbsOl'bed Duses ill  CUlT J lllon Rad iogl'aphic Exallli n a t iolls 
4 . 1 . 1  Determi ning ESE and I l V L  
As stated previously, ESE and H V L  need to be det£'rmined before doses cou l d  
be est imated using t h e  computer program. T h e  most rel iable proced ure for deter­
mi ning ESE and II\,L is to physically measure t hese values of each x-ray mach ine 
for each examinat ion techn ique used . However, t h is i s  normally impract ical ill  a 
busy cl inical setting. And for t he qual ity con trol purpose, generally only une tech­
n ique (usually at 80 k V p ,  40 indIes ) of each x-ray machine i s  checked for output 
and HV L. So it  would be very helpful that i f  one knows variahility in ESE and 11 V L 
as a function of other knowII paralllE't£'rs, t hE'11 t. hE' ESE nne!  1 1  \' L for any �E't. nf 
t£'c h n iq l le  factors call he caln1 1ated u� i l 1g  t he sing l£' t.e�t. t.ec hn iC/I I £, .  
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Detel' l l li l ling ES E 
MrGlI irp [McG u i rp, .1 986] proposes a pf)uation to estimatp !'xpOSllT!'s fur oth!'r 
tpchl l iqup fadurs from a single tpsl. exposure teclUl ique: 
where mAst , mRt and di"tt are parameters used and acquired in  tpst exposure; mRo 
is estimated exposure at other parameters mAso and distil (mRo can be considered 
1.0 hp ESE if the other parameters are properly input for this purposp) ;  CF I S  
correct ion factor depending 011 the filtration of the machi l le alld k V p. 
Computatiou of this equation is straightforward except for determinatiun of 
CP. Fiudillg t his parameter (and  hellce ESE) for other techniques frolll a single test 
exposure involves a two-step process with each step possibly involving a two-way 
i nterpolation of data between curves. This is somewhat complex and tediuus if done 
by hal ld .  
G laze [Glaze et al . ,  1982] describes a method using a single test exposure 
for calculating pat ien t ESE and fetal dose for common radiographic examinations. 
A vcry simple relation between output intensity amI kVp is pstabUshed for 3-phase 
x-ray mach ines as: 
whpre N aJl(I k arp the ou t.put intpnsity alld kVp respect ivp\y, A IS a constall t 
depending on the fil t ratiuIl of the mach.ine. 
To i l l vestigate t he r!'lation bet ween output intensi ty  alld kVp in a gPIIPTal 
cl in ical spt. t. ing, t.he data from rout. i l lP qnal i ty control survey for pight 3-phase x -
33 
ray J I lach ines in  McG uire Veterans Administration (V .A . )  Husp i tal were analyst>d . 
Tht> ou t put  i l l t t>ns ity i s  p luttt>d against t he sq llart> uf k Vp [ F ig\lfe 4 . 1  ami 4 .2 ] .  Tht> 
solid l i lies are fi t ted by means of l inear least - square Ult>tho(l and all t he correlat ion 
coefTic it>nts art> greater than 0 .99. According t.o these plots ,  it could be assumed 
that t he fi tt ing l ines are i n tercE'pted wi l- h the origin .  Su, une cf)uld assume rn R is 
proportiunal t o  t i LE' square of k F p. Thal i s :  
if  t h e  other  paramet.ers (rnA." dist )  are kept  t h e  same. 
Our  data verify G laze 's eqnat ion . A Iso, rarlinlogical physics text.honks 
[l\leredi t h  and l\Iassey, l !H2] [Christensen et al . ,  L 978] report t.hat out put i uten-
s i ty varies according to k It p
2
. So, the conclusion is ill agreement wit. h  t hi s  rule of 
thul I lb .  Then correct ion factor (CF)  in McGuire's equatit1n c01l lrl he simpli fied as 
( k l -Pu/ k l · pt }2 .  ESE can be easily calculated us ing the foUuwil lg equation : 
( k FPU )
2 
mAso ( di .• t t )
2 
mRu = mRt - -- - _.. . _ . _ -
k Vpt m A St di.,tu 
( 4 .1) 
whE're as st.ated previo1lsly, k Vpt ,  mA" t ,  mHt , and nistt are paraml'ters 1 I SE'd and 
acq1 l i red i n  tE'st exposure; mHo i s  est imated exposu re at other parameters k l 'pu, 
m A su and distu. 
Determiuiug HVL 
Tu characterize the change i l l  I IVL  with change i n  kVp,  a cal ibrated l\ ] f ) J-( 
lLlodE'1 10X5-6 ionizat iolL chamber was used ill conjunct iun with an l\ I D H  lIlu del 
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Figure 4 . 1 :  Relat ion bet ween ou t p u t  i n t ensity and k V p  ( J ) 
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Figure 4 . 2 :  Relat ion bet ween o u t p u t  i n t ensity and k V p  ( 2 )  
2 . OE 4  
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1 01 1)  x-ray monitor to measure exposures with d jfferent adrled thick ness of A I plates 
in 1 0- k Vp increments from 60 k Vp to 1 20 k Vp (except L l OkVp) for four 3-phase 
x-ray machines i n  MCV and V . A .  Hospitals. The accuracy of this chamber is better 
than ±5% i n  this  energy range. The HVL data
.
are shown in Table 4 . 1 .  Then H V L  
i s  p lotted a s  a function o f  k V p [Figure 4 .3J. T he lines are fit ted using t h e  linear 
least-square regression and aU the correlation coefficien ts are greater t han 0.99. 
With the slopes of 0 .0329, 0.0359, 0.03 1 1  and 0.0337 respectively, these l ines 
are fOllnd to be paraUeled well among each other, so a simple relation bet ween l l V L  
and k Vp cou ld be assumed using t h e  average s lope o f  t h e  four :  
H V  L = 0.033 · k V p  + B ( 4 . 2 )  
where B i s  a constant for each individual x-ray machine. Comparison o f  experimen­
t al points and the l ines obtained using the equation shows maxinnml separations of 
±6%. So if one pair of data of HVL and k Vp is known (u sually near 80 k Vp in t he 
quality control survey) ,  other values of HVL at different k Vp could be est imated by 
t hi s  equation. 
With Equation 4 . 1  and 4 .2  provided above, the ESE and HVL f(Jr any set 
of techn ique factors call be calculated u sing the single test techn ique -which usual ly 
call he fOlmd in x-ray maclune survey report . Then t he comp"ter program can be 
applied to estimate the absorbed doses to different organs.  
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Figure 4 .3 :  Ilela t i oll bet ween l l VL 811(1 kYp 
4 . 1 .2 Doses i n  COITUllon X- Ray Exami nat. ions 
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A ccord ing to our l i m i ted meas urements of :,10 pat ien ts , 8 ( )% of them w('re 
fOl l l l d  t.o h ave a hody t i t i rk ness ( A  P) of het.weell 1 6  a l ld 24 (' 1 1 \ , and 20% nver 24 c rn .  
I I  i s  i n  agreemen t w i t h  Mai l Le's s t u d y  [Maill ie ,. 1 982] ' i n  widell h e  f' -, l l I ld t h at 8&% 
of I. he p a t ie l l t. s  h ave a AI' t h i c kness of hetween 1 5  and 25 cm. So,  in t h i s  st. l ldy , hy 
ohser vat.ion , pat. iell t. who has a AI' d imens ion of h e t weell 1 6  anel 1 Y C ll l is consi dered 
sm all; a AI' el i rnen si on of b et. ween 1 9  and 24 CIll i s  med i u m  and a A I' di mensioll of 
over 24 CIll is l arge . C' - ' l l Ip arec\ w i t h  large- sized p atien t s ,  s lllall  and ltledi ulIl -s ized 
pat ients  are mudl c l oser t o  t he refere.llce adult. model llse( l  i l l  t he cUIII ( lu l  ing ( 2U Clll 
A I '  d i l l lensi .-,n , 1 74 C I l l  al l d 7U k g ) .  The cOIl lPu ter p rugram l I lay 1 1 4 ,1 he appl icahle l u  
large- s i zed pat ien t s  because sOllle large patien t s  cou l d  h ave a A J '  t hi c k ness o f  over 28 
CI l l ,  w h i c h  varies s ign i f i c an t ly from t he comp l l t i ng l I Iodel . T herefore , only d .. ,ses t o  
s l l laU aud medi um-sized pat ien t s  are est imated using t he culllputer prograll l .  A lso, 
I he errors c all sed by t he di ll'erences nf t. h i c k ness het ween t ite cOl l l p u t i n g  llIudel and 
act u a l  pat. i e n t.s cuulr l  be cancelled out tu sume extent  by i u d l l d i n g  b ... t h  s l llall aud 
l I let!  i l illi- s ized pal. iel l t s  in cakul al:i n g  t he average doses to average-sized p at ie n  t s .  
T he t echnical parameters a n d  absorbed doses t o  different organs fur 1 2  CUI1\-
I WlI I  radiogrfl p h i (, exa i l l i n at i  . .. lls i n  M e V  Hus p i t al are s h " w l I  il l  A p pen d i x  A .  T lu� 
tprhl l i ' l"es I I sed for l arge- s i ze!1 pa f . ien ts are als.., l i s ted tn show how l arge T I l A s  ( I h l ls 
I he expos 1 l fe ) nll r ld be.  All  I he Tnac h i nes i n volved i n  the s l i ldy are 3 - phase 1 1 Ia­
c h  ines .  T he t ecitn i r a l parameters (excep t ESE and 1 1 \' L) were rec.-,f { ied at x- ray 
exami n al i ... ns fnr c l i l l i c al ad ul t  patien t s  in M eV Hospi t al w here t he x - ray Tllal· h i T le 
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survey data are avaiJable (see Appendix B).  After oa!culatu\g the ESE and H VL for 
t'ach examilLation ill specific x-ray room using Equation 4 . 1 , 4 .2 and the orrespond­
iug data from the survey report in A ppendiJc. B, the absorbed doses are computed . 
Ll caiclll ati llg the ESE, an AP dimension of 20 III and an latera;] d i mension uf 34.4 
cm are asslllIled. Also, 5 cm is  allowed between the table top (or cassette holder) 
and the image receptor plane [Rosenstein, 1976] . 
Cnrreutiy, most of the x-ray machines are operated with phototimers and 
dOI l ' t  give the read i ngs of act uaJ mAs during the examil1at ions .  Since t he use of tI� 
computer program for estimating the absorbed doses requires the value of mAs ill 
each examination for calculating ESE, the majority of the data in the study wer'e 
recorded in Ruom 15 which has a x-ray machine of Rapido 400 (Picker Internat ional) 
with after-shot mAs reading. 
TabJe 4.2 and 4.3 show the average absOl'bed doses to the average-sized ref­
erence patient in 1 2  routine radiographic procedures ill MeV Hospital . 
According to the tables, the most significant average doses to different organs 
are shown below: 
l ungs - T.  Spine (LAT) examulations (218 rnrad for man and 228 mrad for 
woman ); 
Active Bone Marrow - L. Spine ( LAT) examinations (70 mrac1 for man and 
74 mrad for woman ) ; 
Thyroic! - C. Spine ( A P )  examinat iolls ( 193 mrad for man and 1 90 mrad 
for woman ) ; 
Testes - Femur (AP ) examinations ( 2 1 0  mrad ) ; 
:l9 
Breasts - T .  Spine (AP )  exalllinatic.lns ( 322 mrad ) ;  
O V1uies - L.  Spine ( LAT ) and 1 .  Spille ( A P )  exalI l inat ions ( 140 I I lfRd alld 
1 37 mrad) ;  
U terus - L .  Sp ine ( A P ) ,  K U B  (AP)  and Pelvis (AP)  examinatiuns ( 1 [;8 
mrad , 1 5 1 rmad and 1 44 rmad ft'spedivt'ly ) .  
4 . 2  P hnlltol l l  Doses iu  CT Head S c n u  P l"oce(l l lreS 
The data are grouped in Table 4.4 to 4 . 1 U  in nrdE'r to evaluate thE' elfE'd 011 
phautom dose of changes in technical parameters of CT scau . In the study, CT 
coustruction matrix is alwa.vs 512 and field of view is 25 cm. llSAD is calculated 
using Equat ion 3 . 1 .  
The rt'su l t.s shuw t.hat surface doses (Posit.ion B t o  E) are almost. the sallie as 
the center doses ( Position A ) ;  There is lIU significant changes iu duses with chauges iu 
slice thickness (except  l .5 nUll slice whit-h is rarely used in CT scan ) ;  As expected , 
doses I r ave linear relatioll with either mA (except 10 lIlA which has nu clinical 
meaning) or time of scan; CT resolution doesn't have effect on dose. There is no 
simple relat. k,n betweE'n kVp and llSAD. 
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Room No .  
kVp 
60  70  60 90 1 0 0 1 2 0  
1 3 (MCV ) 2 . 0  2 . 4  2 . 7 2 .9 3 . 2  4 . 1 
1 5  (MCV) 2 . 1 2 .5 2 9 3 . 2  3 .5  4 · 3 
6 (VA) 1 .9 2 . 2 2 . 6  2 .6 3 . 1 3 · 6  
1 5  (VA ) 2 . 6 2 .9 3 . 2 3 . 7 3 · 9  4 . 6  
Table 4 . 1 : :  ] ["L (m ) a t  differellt k"p 
4 1  
Exam No .of 
Average Absorbed Dose (mrad) 
(S .D .) 
(View) Sex Pa t .  
Lungs ABM Thy . T .T .  Tes . Bre . Ova . Ute . 
M 1 4  
1 6  4 .6 1 .5 5 .3 
ChE'st (3 .9) ( 1  . 1 )  (OA) ( 1 .2) (+) 
(P A) 1 5  3 .7 1 .5 4 .2 2 .5 0 . 1  0 . 1  F 1 3  (3 .5) (0.8) (0 3) (0 .9) (0 .6) (0 .0) (0 .0) 
M 1 2  
1 8  4 .6 9 .5 6 .9 
ChE'st (6 .8) ( 1 .7) (3.6) (2 .6) (+) 
(L AT) 20 3A  8 .9 5 .5 0 . 1  0 . 1  F 1 1  (4 .6) (0.8) (2 . 1  ) ( 1 .3) (a) (0 .0) (0 .0) 
M 1 0  
46 26 0 .2 9 1  2 .6 
L .  Spine (29) ( 1 3) (0 . 1 )  (47) ( 1 .5) 
( AP) 49 23 0 .2 9 1  1 37 1 58 F 9 ( 1 7) ( 1 3) (0 . 1  ) (3 1 ) (a) (48) (76) 
33 70 0 .3 1 49 2 .3 
L .  Spine M 8 ( 1 7) (23) (0 . 1 ) (64) ( 1 .0) 
(L AT) 4 1  74 0 .3 1 59 1 46 97 F 9 ( 1 6) (29) (0 . 1  ) (60) (a) (57) (38) 
4 .3 3 .8 1 93 4 .9 
C .  Spine M 9 ( 1 . 1 ) · (0 .9) (47) ( 1 .2) (+) 
( AP) 4 .7 4 .0 1 96 5 . 1  
F 1 0  ( 10) ( 1 .0) (55) ( 1 .2) (a) (+) (+) 
M 1 0  
4 .8 4A 1 1  3A  
C .  Spine ( 1 .4) ( 1 .2) (5 .3) (0 .9) (+) 
(L AT) 6 .5 6 . 1  1 4  4 .7 
F 8 (2 .6) (2 .6) (5 .7) (2 .0) (a) (+) (+) 
ABM : Active Bone Marrow Thy . :  Thyroid T .T . : Trunk Tissue Tes . :  Testes 
BrE' . :  Breasts Ova . :  Ovaries UtE' . : UtE'rus (+) : < 0 .05 mrad 
(a) : Not calculat E' d ,  howE'ver breasts arE' nE'ar or partially in x-ray fiE'ld .  
(b) : DosE' i s  negligiblE' - - x-ray field completely outside o f  breast region . 
Table 4 .2 : :  Average absorbed doses in common radiographic examinations ( 1 )  
4 2  
Exam No .of 
Average Absorbed Dose (mrad) 
(S .D .) 
(View) Sex Pat . 
Lungs ABM Thy . T .T .  Tes . Bre . Ova .  Ute . 
M 7 
1 67 1 7  46 49 
T. Spine (45) (4 .6)  ( 1 2) ( 1 3) (+) 
( AP) 1 25 1 4  46 39 322 0 .5 0 .4 F 5 (40) (4 .4) ( 1 5) ( 1 3) ( 1 03) (0.2) (0 . 1  ) 
M 7 
2 1 8 39 1 1  77 
T. Spine ( 1 22) (22) (5 .9) (43) (+) 
(L AT) 228 29 9 .8 59 0 .4 0 .4 F 6 ( 1 05) ( 1 3) (4 6) (27) (a) (0 .2) (0.2) 
6 .6 2 1  0 . 1  79 9 .4 
KUB M 1 2  (2 .4) (7 .6) (0 .05) (30) (3 .4) 
( AP) 6 .4 2 1  0 . 1  73 1 1 2 1 5 1 F 1 1  (2 .7) (9 .3) (0 .05) (30) (b) (46) (62) 
0 .4 1 7  70 37 
Pelvis M 1 1  (0 . 1  ) (5 .7) (+) (20) ( 1 1 )  
( AP) 0 .5 1 8  73 1 07 1 44 
F 8 (0 .2) (7 . 1  ) (+) (29) (b) (4 1 )  (56) 
M 5 
1 .7 5 .7 2 1 0 
FE'mur (+) (0 .6) (+) ( 1 .9) (69) 
( AP) 1 .6 4 .9 1 .4 2 .0 
F 1 0  (+) (0 .6) (+) (2 3) (b) (0 .7) ( 1 .0) 
22 2 .6 5 . 4  6 .5 
Shoulder 
M 7 (5.3) (0 .5) (2 .2) (1 .4) (+) 
( AP) 1 7  2 .3 6 .7 5 .4 
F 8 (4 .0) (0 .5) (2 .2) ( 1 . 1 )  (a) (+) (+) 
ABM : Active BonE' Marrow Thy . : Thy roid T .T . :  Trunk Tissue Tes . :  TE'stes 
Sre . : SrE'asts Ova . :  Ovaries Ute . : Uterus (+) :  < 0.05 mrad 
(a) : Not calculated , howevE'r breasts arE' near or partially in x-ray field . 
(b) : Dose is negligible -- x-ray field completely outside of breast region .  
Table 4.3 : :  A verage absorbed doses i l l  commoll radiographic examiuat iull s ( 2 )  
P o s i t i o n R e e d i  ng ( R )  
A 0 . 3 1 7  
B 0 . 3 5 8  
C 0 . 3 2 4  
D 0 . 3 0 9  
E 0 . 3 1 4  
A v e re g e  M S A D  f o r  P o s i t i o n B - E  
M o d e  o f  S e e n :  Norm e 1 ; 
S l  i e e  T h i  e k n e s s :  1 0  ( m m ) ;  
R e s o l u t i o n :  Ti s s u e ;  
M S A D  ( re d )  
4. 9 5  
5 . 5 8  
5 . 0 5  
4 . 8 2  
4 . 9 0  
5 . 0 9  
k V p :  1 2 0 ;  m A :  1 7 0 ;  T i m e :  2 ( s )  
Table 4 .4 : :  Effect o f  changing position on MSAD 
S l i c e T h i c k n e s s  ( m m )  R e e d i n g  ( R )  M S A D  ( re d )  
1 . 5 0 . 0 5 4  5 . 6 2  
3 . 0  0 . 0 9 8  5 . 1 0  
5 . 0  0 . 1 5 9 4 . 9 6  
1 0 .0  0 . 3 1 7  4. 9 5  
P o s i t  i o n :  A ;  M o d e  o f  S c e n : Norm e 1 ; R e s o l u t i o n :  T i  s s u e ;  
kVp:  1 2 0 ;  m A :  1 7 0 ;  Ti m e :  2 ( s )  
Table 4 .5 : :  Effect  of changing slice t.hickness on MSAD 
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mA R e a d i ng ( R )  M S A D  ( re d )  
1 0  0 . 0 0 2  0 . 0 3  
40 0 . 0 7 2  1 . 1 2  
1 0 0 0 . 1 8 4 2 . 8 7  
1 7 0 0 . 3 1 7  4. 9 5  
2 0 0  0 . 3 5 7  5 . 5 7  
P os i ti on :  A ;  M o d e  o f  S c e n :  N o rm a l ; 
S l i c e  T h i c k n e s s :  1 0  ( m m ) ;  R e s o l u t i o n :  T i s s u e ;  
k V p :  1 20 ;  T i m e :  2 ( s )  
Table 4 .6 : :  Effect of changing rnA on MSAD 
R e s ol u t i o n  R e e d i ng ( R )  M S A D  ( re d )  
T i s s u e  0 . 3 1 7  4.9 5  
S t e nderd 0 . 3 1 4  4.9 0  
D e t a i l 0 . 3 1 4  4. 9 0  
B o n e  0 . 3 1 0  4. 8 4  
P o s i t i on:  A;  M o d e  o f  S c a n :  N o rm a l ;  T i m e :  2 ( s ) ;  
S l i ce T h i c k n e s s :  1 0  ( m m ) ;  k Vp:  1 2 0; mA:  1 70 
Table 4.7:: 
'
Effect of changing resolution on MSAD 
Mode of S e e n  Ti me ( 3 )  Reedi ng ( R ) MSA D (red) 
H e l f 1 . 2 0 . 1 8 9 
N o r m e l  2 . 0  0 . 3 1 7  
O v e rs e e n  2 . 3  0 .366 
P o s i t i o n :  A ;  S l i c e  T h i c k n e s s :  1 0  ( m m ) ;  
R e s o l u t i o n :  T i s s u e ;  k V p :  1 2 0 ;  m A :  1 7 0 
2 . 9 5  
4 .95 
5 . 7 1 
Table 4 .8 : :  Effect of changing mode of scan on MSAD 
T i m e  ( s )  R e e d i n g ( R )  M S A D  ( re d )  
2 0 . 3 1 7  4 .95 
4 0 . 6 2 7  9 . 7 8 
P o s i t i o n :  A ;  M o d e  o f  S e e n :  Normel ; 
S l  i c e  T h i  c k n e s s :  1 0  ( m m ) ;  R e s o l  ut i o n :  T i  s s u e ;  
k V p :  1 2 0 ;  m A :  1 7 0 
Table 4 .9 : :  Effect of changing time on M S A D  
kVp R e e d i n g  ( R )  M S A D  ( re d )  
8 0  0 . 1 1 4 1 . 7 8  
1 2 0 0 . 3 1 7  4. 95 
P o s i t i o n :  A ;  Mode  of  Seen :  Normel ; 
S l i c e  T h i c k n e s s :  1 0  ( m m ) ;  R e s o l u t i o n :  T i s s u e ;  
m A :  1 7 0 ;  T i m e :  2 ( s )  
Table 4 . 1 0 : :  Effect of changing kVp on f> 1 S A D  
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Chapter 5 
Discussion 
X-ray images of acceptable diagnostic quality should  be obtained with min­
imum radiation exposure to patients .  To distinguish between necessary alld 1111-
necessary exposure, at least four x-ray exposure guidelines clurently exi st  in the 
United States. They are Illinois Patient Exposure Limits (IPEL) [Neuweg, 1980] , 
Vermont Entrance Skin Exposure Criteria (VESEC)[State of Vermont Regulations , 
1977 ] ,  Federal Entrance Skin Exposure G uides (FESEG ) [11artin et al. , 1977] and 
Cunference of Radiation Control Program Directors Patient Exposure Guides (CR.-
CPDP EG ) [Task Force on Quali ty Assurance , 1 98 1 J .  Three of them (VESEC, FE­
SEG and CRCPDPEG ) give the limits of ESE (free- in-air) for some corrunon x- ray 
examinations of average adult patients .  In Table 5 . L ,  the average ESE of average 
patients ( inclu ding men and women) in th is  project are compared with t he limi ts of 
the guidelines for several conmlOn project ions .  It shows that ESEs in �lCV Hospi tal 
are within the range. So, the techniques used in MCV Hospital for cuaunon x-ray 
examinations are appropriate. 
As publk awareness of medical applications of radiat ion grows, informati( )ll 
Oil radiat ion rloses ancl the possible effects of radiat ion exposure is increasingly being 
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demanded. There is general agreement that the extent of he risk is related in ome 
way to the amount of exposure to radiation although at t he present t ime there is 
no epidemiological evidence to establish the exact relationship,  especially at t he low 
exposure levels p resent ly used in most diagnos.tic examinations. As the exposure 
to radiation increases, the likelihood of significant biological effects also increases. 
However, if a clear correlation between radiation dose and effect is to be established, 
a reasonably accurate method of estimating absorbed dose to the patient duriug a 
radiographic examination will be highly needed , because it is very important fur 
monitoring of t he procedure and for the evaluation of the risks fTom the ionizing 
radiation. 
The individual patien t 's absorbed dose is influenced by several factors: his 
body size and constit ution , the performance of the equipment used, the training of 
t he personnel and t he method of the examination. The effect of patien t 's body size 
and const i t ution can be easily seen in the clinical data (Appendix A ) . For example, 
a large patient can have more than 10 t imes mAs ( thus the exposure) of a small 
patien t .  Even for patients with similar size, doses can still vary widely. Uutil there 
is a better anthropomorphic patient model of the proper t issue equivalency and of 
varying sizes, t lus kind of error can only be mitunuzed by large number of patient 
data. Also, because of t he wide range of teclmical parameters (output intensity, 
beam quality) among radiograpluc wtit s, it is essential they are measured for any 
unit. for which a reasonable estimate of patient dose is to be made. The advantage 
of t he method for estimating dose described here is that, by the use of t wo simple 
equations, a single outp ut intensity value and a single H VL value which should be 
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readily available from the facility's most recent radiation control survey, the two 
important parameters of ESE and HVL can be determined for each radiographic 
examination to estimate the patient 's absorbed doses using the existing computer 
program. So, this method takes the effect of individual machine's performance 
partially into consideration by using an actual exposure and HVL from the un it as 
a reference point .  And the error introduced by using those two equations is small 
in comparison with other factors ill the procedures of estimation, such as variability 
of patient size. 
There are several factors ill radiographic diagnostic procedures which are not 
addressed by the standard reference model used to calculate organ doses. These 
are the different patient sizes, constitution and the effect of barium. They need 
to be further investigated. Also, more patients' data, especially the actual patient 
th ickness, and teclUl ical parameters from different x-ray machines are needed for 
next-step study of patient 's absorbed doses in common radiographic examinations.  
Exa mi nati o n  V ES EC F ES E G  C R C P D PEG 
( m R )  ( mR )  ( m R )  
C hest ( PA )  3 0  3 0  --
K U B  ( A P )  7 5 0  7 5 0  4 0 0  - 7 7 5  
L .S pi ne ( A P )  1 0 0 0  1 0 0 0  47 5 - 1 0 0 0  
C .S p i  n e  ( A  P )  2 5 0  2 5 0  1 0 0 - 3 0 0  
T . S pi ne ( A P )  9 0 0  9 0 0  --
V ES EC :  Ve r mo nt E nt ra nce Ski n Expos u re C r i te ri a  
F ES EG :  Fede r al E nt ra nce S ki n  Expos u re Gu ides 
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ESE i n  MCV 
( m R )  
2 6  
4 6 7  
6 6 6  
2 4 0 
4 2 4  
C RC P D P EG :  Co nfe r e nce o f  Radi ati o n  Cont rol Prog ra m Di recto rs Pati e nt 
Ex pos u re G ui des 
Table 5 . 1 : :  Comp arison of average ESE in this study with the limits of the guidelines 
B ib liography 
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Chest  (PA)  
Film Dose 
No . Rm Sex Size mAs S ID ESE HVL kVp SizE' Lung ABM Thy . T .T .  TE's . Br-E' .  Ova . 
1 1 5  M M 1 30 3 1 4x 1 7  72 23 � 63 1 3  4 .0 1 .5 4 .6 
2 1 5  M M 1 30 4 1 7x 1 4  72 3 1  � .63 1 8  5 . 1  1 .2 5 .8 
3 1 5  M M 1 30 3 1 4x 1 7  72 23 � .63 1 3  4 .0 1 .5 4 .6  
4 1 5  M M 1 30 3 1 4x 1 7  72 23 � .63 1 3  4 .0 1 .5 4 .6 
5 1 (NC) M M 1 25 3 1 4x 1 7  72 1 7  � ,46 9 .7 2 .9 1 . 1 3 ,4 
6 1 2  M M 1 30 4 1 4x 1 7  72 32 � .69 1 9  5 .7 2 .2 6 .5 
7 1 (NC) M M 1 25 3 1 4x 1 7 72 1 7  � ,46 9 .7 2 .9 1 . 1 3 .4 
8 1 5  M M 1 30 4 1 7x 1 4  72 3 1  4 .63 1 8  5 . 1  1 .2 5 .8 
9 1 5  M M 1 30 4 1 4x 1 7  72 3 1  4 .63 1 8  5 .4 2 . 1  6 .3 
1 0  1 5  M M 1 30 4 1 4x 1 7  72 3 1  4 .63 1 8  5 .4 2 . 1  6 .3 
1 1  1 5  M M 1 30 3 1 7x 1 4  72 23 4 .63 1 4  3 .8 0 .9 4 .3 
1 2  1 5  M S 1 30 3 1 4x 1 7  72 23 � .63 1 3  4 .0 1 .5 4 .6 
1 3  1 5  M M 1 30 4 1 4x 1 7  72 3 1  � 63 1 8  5 .4 2 . 1  6 .3 
1 4  1 5  M M 1 30 5 1 7x 1 4  72 39 � .63 23 6 .5 1 .5 7 .3 
1 1 5  F M 1 30 3 1 4x 1 7  72 23 4 .63 1 4  3 .4 1 .5 3 .9 
2 1 5  F M 1 30 3 1 4x 1 7  72 23 4 .63 1 4  3 .4 1 .5 3 .9 
3 1 5  F M 1 30 3 1 4x 1 7  72 23 4 .63 1 4  3 .4 1 .5 3 .9 
4 1 5  F M 1 30 3 1 4x 1 7  72 23 � .63 1 4  3 .4 1 .5 3 .9 
5 1 5  F M 1 30 3 1 4x 1 7  72 23 � .63 1 4  3 .4 1 .5 3 .9 
6 1 2  F S 1 30 2 1 4x 1 7  72 1 6  � .69  9 .9 2 .4 1 . 1 2 .8 
7 1 5  F M 1 30 3 1 7x 1 4  72 23 4 .63 1 4  3 .2 0 .9 3 .7 
8 1 5  F M 1 30 3 1 4x 1 7  72 23 4 .63 1 4  3 .4 1 .5 3 .9 
9 1 5  F M 1 30 4 1 4x 1 7  72  3 1  4 .63 1 9  4 .6 2 . 1  5 .3 
1 0  1 5  F M 1 30 4 1 4x 1 7  72 3 1  � .63 1 9  4 .6 2 . 1  5.3 
1 1  1 5  F M 1 30 3 1 4x 1 7  72 23 � .63 1 4  3 .4 1 .5 3 .9 
1 2  1 5  F M 1 30 5 1 7x 1 4  72 39 � .63 24 5 .5 1 .5 6 .2 
1 3  1 5  F M 1 30 3 1 4x 1 7  72 23 � .63 1 4  3 .4 1 .5 3 .9 
ABM : Active Bone Mar-r-o'w' Thy . : Thy roid T .T . :  Tr-unk Tissu(> 
Br(>. : Br-easts Ova . : Ovar-ies Ut(> . : Ut(>rus ( +) :  ( 0 .05 mr-ad 
(a) : Not calculated,  hO'w'(>v(>r- br-usts ar(> n(>ar or- par-tially in x-r-ay field. 
(b) : Dose is n(>gligible -- x-r-ay fi(>ld c ompletely outside of br-east r(>gion . 
Units : Film S ize (inchxinch) , S ID (inch) , ESE (mR) , HVL (mm) I Dos(> (mr-ad) . 
Table A . I : :  Doses ill  chest (PA ) examinat ion 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
2 .3 0 . 1  
2 .3 0 . 1  
2 .3 0 . 1  
2 .3 0 . 1  
2 .3 0 . 1  
1 .6 0 . 1  
2 .3 0 . 1  
2 .3 0 . 1  
3 . 1  0 . 1  
3 . 1  0 . 1  
2 .3 0 . 1  
3 .9 0 . 1  
2 .3 0 . 1  
Tes . :  Test(>s 
UtE' . 
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
C h e s t  ( L AT )  
Film Dos� 
No . Rm Sex Size kVp m As Size S ID ESE HVL lung ABM Thy . T . T .  T�s . Br� . OVol . 
1 1 5  M M 1 30 5 1 4x 1 7  72 47 � 63 1 3  3 .3 6 .9 5 .0 (+) 
2 1 5  M M 1 30 7 1 4x 1 7  72 66 � .63 l B  4 .6 9 .7 7 . 1  (+) 
3 1 5  M S 1 30 4 1 4x 1 7  72 3B � .63 1 1  2 .7 5 .6 4 . 1  (+) 
4 1 5  M M 1 30 7 1 4x 1 7  72 66 � 63 l B  4 .6 9 .7 7 . 1  (+) 
5 1 5  M M 1 30 6 1 4x 1 7  72 59 � .69 1 7  4 .2 B .7 6 .4 (+) 
6 1 (NC) M M 1 25 6 1 4x 1 7  72 40 � .46 1 1  2 .7 5 .B 4 .2 (+) 
7 1 5  M M 1 30 1 1  1 4x 1 7  72 1 04 � 63 29 7 .3 1 5  1 1  (+) 
B 1 5  M S 1 30 4 1 4x 1 7  72 3B � .63 1 1  2 .7 5 .6 4 . 1  (+) 
9 1 5  M S 1 30 5 1 4x 1 7  72 47 � .63 1 3 3 .3 6 .9 5 .0 (+) 
1 0  1 5  M L 1 30 1 7  1 4x 1 7  72 
1 1  1 5  M M 1 30 1 0  1 4x 1 7  72 94 4 .63 26 6 .6 1 4  1 0  (+) 
1 2  1 5  M M 1 30 B 1 4x 1 7  72 75 4 .63 2 1  5 .3 1 1  B .O (+) 
1 3 1 5  M M 1 30 1 1  1 4x 1 7  72 1 04 4 .63 29 7 .3 1 5  1 1  (+) 
1 1 5  F M 1 30 7 1 4x 1 7  72 66 � .63 2 1  3 .7 9 .7 6 .0 (ol) 0 . 1  
2 1 5  F M 1 30 5 1 4x 1 7  72 47 � .63 1 5  2 .6 6 .9 4 .3 (ol) 0 . 1  
3 1 5  F M 1 30 6 1 4x 1 7  72 57 4 .63 l B  3 .0 B .4 5 .2 (a) 0 . 1  
4 1 5  F M 1 30 5 1 4x 1 7  72 47 4 .63 1 5  2 .6 6 .9 4 .3 (a) 0 . 1  
5 1 2  F S 1 30 4 1 4x 1 7  72 39 4 .69 1 3  2 .2 5 .B 3 .6 (a) 0 . 1  
6 1 5  F S 1 30 5 1 4x 1 7  72 47 4 .63 1 5  2 .6 6 .9 4 .3 (ol) 0 . 1  
7 1 5  F M 1 30 9 1 4x 1 7  72 85 4 .63 27 4 .8 1 2  7 .7 (a) 0 .2 
8 1 5  F L 1 30 22 1 4x 1 7  72 
9 1 5  F M 1 30 8 1 4x 1 7  72 75 4 .63 24 4 .2 1 1  6 .8 (ol) 0 . 1  
1 0  1 5  F M 1 30 7 1 4x 1 7  72 66 4 .63 2 1  3 .7 9 .7 6 .0 (a) 0 . 1  
1 1  1 5  F M 1 30 8 1 4x 1 7  72 75 4 .63 24 4 .2 1 1  6 .B (a) 0 . 1  
1 2  1 5  F L 1 30 1 8  1 4x 1 7  72 
1 3 1 5  F M 1 30 7 1 4x 1 7  72 66 4 .63 2 1  3 .7 9 .7 6 .0 (a) 0 . 1  
ABM : Active Bone Marrow Thy . :  Thy roid T .T . :  Trunk Tissue Tes . :  Testes 
Bre . : Breasts Ova . :  Ovaries Ute . : Uterus (+) : < 0 .05 mrOld 
(ol) : Not calculated , how�ver breOlsts Olre near or pOlrtiOll1y in x-ray field. 
(b) : DOH is nl'gligib ll' -- x-r oly field completely outside of breast rl'gion . 
Units : Film Size (inchxinch), S ID (inch), ESE (mR), HYl (mm), DOH (mrOld) . 
Table A . 2 : : Doses i ll ('hest (LAT) pxallljl\at iun 
51 
Ute . 
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
L .  S p i  ne  (AP)  
Film DoS(' 
No . Rm Sex S ize kYp m As Size S ID ESE HYL Lung ABM Thy . T .T .  Tes . Bre .  Ova .  
1 1 (NC) M M 77 63 l 1 x 1 4  40 555 12 .87 1 3  1 6  0 . 1  5 .3 1 . 1 
2 1 5  M L 75 306 1 4x 1 7  40 33 1 3  2 .82 250 1 23 1 .2 462 1 3  
3 I (NC) M M 77 8 0  l 1 x 1 4  40 76 1 2 .87 1 8  22  0 .2 73 1 .5 
4 1 5  M M 75 5 1  1 4x 1 7  40 552 2 .82 42 20 0 .2 77 2 .2 
5 1 5  M M 75 33 1 4x 1 7  40 357 2 .82 27 1 3  0 . 1  50 1 .4 
6 1 5  M M 75 64 1 4x 1 7  40 693 2 .82 52 26 0 .2 97 2 .8 
7 1 5  M M 75 1 39 1 4x 1 7  40 1 505 � .82 1 1 4 56 0 .5 2 1 0  6 . 1  
8 1 5  M L 75 295 1 4x 1 7  40 3 1 94 � .82 24 1 1 1 8 1 . 1 446 1 3  
9 1 5  M L 77 200 1 4x 1 7  40 2282 � .88 1 75 86 0 .8  323 9 .4 
1 0  1 5  M M 75 48  1 4x 1 7  40 520 2 .82 39 1 9  0 .2 73 2 . 1  
1 1  1 5  M M 75 4 1  1 4x 1 7  40 444 2 .82 34 1 6  0 .2  62 1 .8 
1 2  1 5  M M 77 56 1 4x 1 7  40 639 2 .88 5 1  2 9  0 .3 93 3 . 1  
1 3  1 5  M M 77 74 1 4x 1 7  40 844 2 .88 67 38 0 .4 1 23 4 .0 
1 1 5  F M 75 75 1 4x 1 7  40 8 1 2 2 .82 61  30 0 .3 1 1 3 (a) 1 69 
2 1 5  F L 82 87 1 4x 1 7  40 1 1 26 � .05 93 53 0 .5 1 70 (a) 265 
3 1 5  F L 85 1 86 1 4x 1 7  40 2587 � . 1 5  2 1 9  1 27 1 .2 398 (a) 624 
4 1 5  F M 75 27 1 4x 1 7  40 292 � .82 22 1 1  0 . 1  4 1  (a) 6 1  
5 1 5  F L 82 287 1 4x 1 7  40 37 1 4  � .05 307 1 76 1 .7 560 (a) 873 
6 1 5  F L 75 1 80 1 4x 1 7  40 1 949 12 .82 1 47 72 0 .7 272 (a) 405 
7 1 5  F M 75 6 3  1 4x 1 7  40 682 12 .82 5 1  25 0 .2 95 (a) 1 42 
8 1 5  F M 77 69 1 4x 1 7  40 787 12 .88 62 35 0 .3 1 1 5 (a) 1 76 
9 1 5  F M 75 44 1 4x 1 7  40 476 2 .82 36 1 8  0 .2 66 (a) 99 
1 0  1 5  F M 75 7 1  1 4x 1 7  40 769 2 .82 58 28 0 .3 1 07 (a) 1 60 
1 1  1 5  F M 77 82 1 4x 1 7  40 936 2 .88 74 42 0 .4 1 36 (a) 2 1 0 
1 2  1 5  F M 75 58 1 4x 1 7  40 628 2 .82 47 23 0 .2 88  (a) 1 30 
1 3  1 5  F S 75 38 1 4x 1 7  40 4 1 1 2 .82 3 1  1 5  0 . 1  57 (a) 85 
ABH :  Adive Bone Marrow Thy . : Thy roid T.T . :  Trunk Tissue Tes . : Testes 
Bre. : Breasts Ova . : Ovaries Ute . :  Uterus (+) :  < 0 .05 mrad 
(a) : Not calculatt'd , however breasts are nt'ar or partially in x-ray field .  
(b) : Dose is  negligible -- x-ray fit'ld completely outside of breast region .  
Units : Film Size (inchxinch) , S ID (inch), ESE (mR) , HVL (mm), Dose (mrad) . 
Table A.3: :  Doses ill L. spine {AP) examination 
55 
Utt' . 
223 
344 
8 1 0  
80 
1 1 33 
535 
1 87 
230 
1 3 1  
2 1 1 
273 
1 72 
1 1 3 
56 
L .  S p i  ne ( L AT)  
Film DOH 
No .  Rm Sex Size kYp mAs Size S ID ESE HYL Lun9 ABM Thy . T .T .  Tes . Bre . Ova . Ute . 
1 1 (NC) M M 8 1  250 l 1 x 1 4  40 3760 3 .00 24 75 0 .2 1 53 1 .7 
2 1 5  M L 80 500 1 4x 1 7  40 9500 2 .98 1 39 252 1 .2 554 1 0  
3 1 (NC) M M 77 250 l 1 x 1 4  40 3397 2 .87 2 1  65 0 .2 1 35 1 04 
4 1 5  M L 85 269 1 4x 1 7  40 5770 � . 1 5  89 1 62 0 .7 348 6 .5 
5 1 7  M M 85 1 25 l 1 x 1 4 40 1 584 � .37 1 8  60 0 .2  92 1 .6 
6 1 5  M M 85 59 1 4x 1 7  40 1 266 � . 1 5  1 9  35 0 .2 76 1 04 
7 1 5  M S 85 1 0 1 1 4x 1 7  40 2 1 66 3 . 1 5  33 6 1  0 .3 1 3 1  2 04 
8 1 5  M M 73 320 1 4x 1 7  40 5063 2 .75 64 1 06 0 .5 27 1  3 .9 
9 1 5  M L 77 320 1 4x 1 7  40 5633 2 .88 80 1 45 0 .7 32 1 5 .7 
1 0  1 5  M L 77 400 1 4x 1 7  40 704 1 2 .88 1 00 1 8 1 0 .8 402 7 .2 
1 1  1 5  M M 85 1 64 1 4x 1 7 40 351 8 3 . 1 5  54 99 0 .5  2 1 2  4 .0 
1 2  1 5  M M 77 1 2 1  1 4x 1 7  40 2 1 30 2 .88 30 55 0 .3 1 22 2 . 2  
1 3  
1 1 4  F M 60 250 1 4x 1 7  40 1 873 � .38 28 48 0 .2 1 1 4 (a) 95 62 
2 1 5  F L 75 400 1 4x 1 7  40 6680 � .82 87 1 44 0.6 364 (a) 285 1 84 
3 1 5  F M 93 55 1 4x 1 7  40 1 4 1 2  3 04 1  23 43 0 .2 89 (a)  84 56 
4 1 5  F M 95 1 1 5 1 4x 1 7  40 308 1 3 048 52 95 0 .4 1 97 (a) 1 87 1 25 
5 1 5  F L 87 400 l 1 x 1 4  40 8988 :, .21  62 1 93 0 .6 382 (a) 3 1 5  1 92 
6 1 5  F M 85 94 1 4x 1 7  40 20 1 6  3 . 1 5  3 1  57 0 .3 1 22 (a) 1 1 1  74 
7 1 5  F L 93 1 63 1 4x 1 7  40 4 1 85 3 A l  69 1 27 0 .6 265 (a) 249 1 66 
8 1 5  F M 85 1 57 1 4x 1 7  40 3368 3 . 1 5  52 94 0 04 203 (a) 1 85 1 23 
9 1 5  F M 85 1 72 1 4x 1 7  40 3689 3 . 1 5  57 1 03 0 .5  222 (a)  203 1 35 
1 0 1 5  F M 93 1 46 1 4x 1 7  40 3749 3 A l  62 1 1 4 0 .5 237 (a) 223 1 49 
1 1  1 5  F S 77 78 1 4x 1 7  40 1 373 7 .88 20 35 0 .2 78 (a) 69 46 
1 2  1 5  F M 85 1 34 1 4x 1 7  40 2874 � . 1 5  44 8 1  0 04 1 73 (a) 1 58 1 05 
1 3  
ABM : Active Bone Marrow Thy . : Thy roid T .T .  : Trunk Tissue Tes . : TestE'S 
Bre . : BrE'Clsts OVCI . : OvClriE's Ute . : UtE'rus (+) : < 0 .05 mrad 
(a) : Not COl IculatE'd , howE'vE'r brE'asts arE' nE'ar or partially in x-r ay field. 
(b) : DosE' is ne9li9ib Ie -- x-ray field comp lE'tE' ly  outsidE' of brE'ast region . 
Units : Film Size (inchxinch),  S ID (inch) ,  ESE (mR) , HVL (mm) , Dose (mrad) . 
TllbJe A .4 : :  Doses L. spinE' ( LAT) examinat ion 
57 
c .  Sp i  ne  ( A P )  
Film Dost' 
No. Rm St'x Sizt' kVp m As S iZE' S ID ESE HVL Lung ABM Thy . T .T .  Tt's . Br-t' . Ova . Utt' . 
1 1 6  M S 70 30 1 0x 1 2  50 1 64 � .35 4 .5 3 .5 1 50 4 .4 (+) 
2 1 2  M S 70 30 1 0x 1 2  40 296 �.7 1  5.3 4 .6 236 6 .0 (+) 
3 1 5  M M 70 27 1 0x 1 2  40 255 [2 .65 4 .5 3 .9 20 1  5 .0 (+) 
4 1 5  M M 75 3 1  1 0x 1 2  40 336 [2 .82 6 .3 5 .5 274 7 .0 (+) 
5 1 5  M M 70 1 9  1 0x 1 2  40 1 79 12 .65 3 . 1  2 .7 1 4 1  3 .5 (+) 
6 1 5  M M 75 27 1 0x 1 2  40 292 2 .82 5 .4 4 .8 238 6 .0 (+) 
7 1 5  M M 70 2 1  1 0x 1 2  40 1 98 7 .65 3 .5 3 .0 1 56 3 .9 (+) 
8 1 5  M M 70 25 1 0x 1 2  40 236 7 .65 4 . 1  3 .6 1 86 4 .7 (+) 
9 1 5  M S 75 1 8  1 0x 1 2  40 1 95 tl ·82 3 .4 3 .0 1 54 3 .9 C+) 
1 0  
1 1  
1 2  
1 3  
1 1 5  F M 70 28 1 0x 1 2  40 264 [2 .65 4 .6 4 .0 208 5 .2 Ca) (+) C+) 
2 1 5  F M 70 32 1 0x 1 2  40 302 [2 .65 5.3 4 .6  238 6 .0 Ca) (+) C+) 
3 1 3  F M 73 40 1 0x 1 2  40 293 [2 .52 6 .0 5 .3 253 6 .6 Ca) (+) C+) 
4 1 5  F 5 70 25 1 0x 1 2  40 236 [2 .65 4 . 1  3 .6 1 86 4 .7 (a) (+) C+) 
5 1 5  F M 75 64 1 0x 1 2  72 1 65 [2 .82 5 . 1  3 .4 1 43 4 .7 (a) (+) C+) 
6 1 5  F S 75 40 1 0x 1 2  72 1 03 tl 82 3 .2 2 . 1  89 2 .9 (a) (+) (+) 
7 1 3  F M 73 40 1 0x 1 2  40 293 tl·52 6 .0 5 .3 253 6 .6 (a) (+) (+) 
8 1 5  F M 70 32 1 0x 1 2  40 302 tl 65 5.3 4 .6 238 6 .0 (a) (+) (+) 
9 1 5  F M 70 28 1 0x 1 2  40 264 t2 .65 4 .6 4 .0 208 5 .2 (a) (+) (+) 
1 0  1 5  F M 70 1 9  1 0x 1 2  40 1 79 t2 .65 3 . 1  2 .7 1 4 1  3 .5 (a) (+) (+) 
1 1  
1 2  
1 3  
ABM : Actlvt' Bone Manow Thy . :  Thy r-old T .T . :  Tr-unk T1SSUt' Tes . :  Testes 
Br-e . :  Br-easts Ova . : Ovar-it's Ute . :  Uter-us (+) : < 0 .05 mr-ad 
(a) : Not calculated ,  however- bnasts ar-e near- or- par-tially in x-r-ay field .  
(b) : Dose i s  negligible -- x-r-ay field completely outside o f br-t'ast rt'gion . 
Units : Film S ize (inchxinch) , S ID (inch) , ESE (mR), HVL (mm) I Dost' (mr-ad) . 
Table A.5 : :  Doses in C.  spine (AP)  exarn.inatioll 
C S p i n e  ( L AT )  
Film Dos� 
No . Rm S�x Siz:� kYp mAs Size S ID ESE HYL Lung ABM Thy . T .T .  T�s . Br� . Ova . 
1 1 6  M S 70 30 1 0x 1 2  50 222 � .35 6 .6 6 .0 1 4  4 .5 (+) 
2 1 2  M S 70 30 1 0x 1 2  50 229 t2 .7 1  5 .7 5 . 1  1 2  4 .0 (+) 
3 1 5  M M 70 1 1  1 0x 1 2  40 1 60 � .65 2 .9 2 .7 6 .0 2 .2 (+) 
4 1 5  M M 70 50 l 1 x 1 4  72 1 37 t2 .65 6 .7 4 .9 22  3 .9 (+) 
5 1 5  M M 70 40 1 0x 1 2  72 1 09 � .65 3 .9 3 . 1  7 .5 2 .5 (+) 
6 1 5  M M 75 1 2  1 0x 1 2  40 200 � .92  3 .7 3 .6 9 .0 2 .9 (+) 
7 1 5  M M 70 1 7  1 0x 1 2  40 247 12 .65 4 .3 4 .2 9 .3 3 .3 (+) 
9 1 5  M S 70 1 4  1 0x 1 2  40 204 12 .65 3 .6 3 .5 7 .7 2 .7 (+) 
9 1 5  M M 75 1 6  1 0x 1 2  40 267 2 .92 4 .9 4 .9 1 1  3 .9 (+) 
1 0  1 5  M M 70 24 1 0x 1 2  40 349 2 .65 6 . 1  6 .0 1 3  4 .7 (+) 
1 1  
1 2  
1 3  
1 1 5  F M 70 27 1 0x 1 2  40 393 2 .65 6 .9 6 .7 1 5  5 .3 (a) (+) 
2 1 3  F M 73 40 1 0x 1 2  40 452 2 .52 9 .2 9 . 1  20 6 .9 (a) (+) 
3 1 5  F S 70 1 0  1 0x 1 2  40 1 45 2 .65 2 .5 2 .5 5 .5 2 .0 (a) (+) 
4 1 5  F M 75 64 1 0x 1 2  72 201  2 .92 7 .4 6 .0 1 5  4 .9 (a) (+) 
5 1 5  F S 75 40 1 0x 1 2  72 1 26 2 .92 4 .7 3 .9  9 . 1  3 .0  (a) (+)  
6 1 3  F M 73 40 1 0x 1 2  40 452 2 .52 9 .2 9 . 1  20  6 .9 (a) (+) 
7 1 5  F M 70 32 1 0x 1 2  40 466 L .65 9 . 1  9 .0 1 9  6 .3 (a) (+) 
9 1 5  F M 72 1 3  1 0x 1 2  40 200 L .72 3 .6 3 .5 7 .7 2 .7 (a) (+)  
9 
1 0  
1 1  
1 2  
1 3  
ABM : Active Bone Marrow Thy . :  Thyroid T .T . :  Trunk Tissu(' T�s . :  T('st�s 
Bre . :  Breasts Ova . :  Ovari�s Ut� . : Ut('rus (+) : < 0 .05 mrad 
(a) : Not c alculatt'd , howev�r breasts are nt'ar- or- par-tially in x-r-ay field . 
(b) : Dose is negligible -- x-ray fit'ld complE'tely outsidE' of brE'ast rE'gion . 
Units : Film Siz:E' (inchxinch), S ID (inch) , ESE (mR) J HYL (mm), DosE' (mr-ad) . 
Table A .6 : :  Doses C. spine (LAT) examillat iOIl 
1i8 
Ute . 
(+) 
(+) 
(+) 
(+) 
(+) 
(+) 
(+) 
(+) 
59 
T .  Sp ine  (AP )  
Film Dost' No .  Rm Sex Size kVp mAs S ize S ID ESE HVl Lung ABM Thy . T .T .  TE's. Bre . Ova . UtE' . 
1 1 5  M M 75 5 1  1 4x 1 7  40 552 � 82 2 1 7  22 59 64 (+) 
2 1 5  M M 75 28 1 4x 1 7  40 303 12 .82 1 1 9 1 2  33 35 (+) 
3 1 5  M S 75 48 1 4x 1 7  40 520 � .82 204 20 56 60 (+) 
4 1 5  M M 75 34 1 4x 1 7  40 368 12 .82 1 45 1 4  40 43 (+) 
5 1 5  M M 75 24 1 4x 1 7  40 260 2 .82 1 02 1 0  28 30 (+) 
6 1 5  M M 75 42 1 4x 1 7  40 455 7 .82 1 79 1 8  49 53 (+)  
7 1 5  M M 75 47 1 4x 1 7  40 509 7 .82 200 20 55 59 (+) 
8 1 5  M l 75 79 1 4x 1 7  40 855 7 .82 336 34 92 99 (+) 
9 
1 0  
1 1  
1 2  
1 3  
1 1 5  F l 75 85 1 4x 1 7  40 920 � .82 27 1 3 1  99 85 698 1 . 1 0 .9 
2 1 5  F l 80 90 1 4x 1 7  40 1 1 09 � .98 346 43 1 28 1 1 0 86 1 1 .8 1 .4 
3 1 5  F M 75 5 1  1 4x 1 7  40 552 2 82 1 63 1 8  59 · 5 1 4 1 9  0 .7 0 .5 
4 1 5  F M 75 34 1 4x 1 7  40 368 2 .82 1 08 1 2  40 34 279 0 .4 0 .3 
5 1 5  F M 75 43 1 4x 1 7  40 466 2 .82 1 37 1 6  50 43 353 0 .6 0 .4 
6 1 5  F M 75 48 1 4x 1 7  40 520 2 .82 1 53 1 7  56 48  394 0 .6 0 .5 
7 1 5  F S 75 20 1 4x 1 7  40 2 1 7  2 .82 64 7 .3 23 20 1 65 0 .3 0.2 
8 
9 
1 0  
1 1  
1 2  
1 3  
ABM : ActivE' Bone Marrow Thy . :  Thy roid r .r . :  Trunk Tissue res . :  T es�es 
Brt'. : Breasts Ova . :  Ovaries UtE' . : UtE'rus (+) : ( O .OS mr ad 
(a) : Not calculated, however breas�s are nE'ar or partially in x-ray fiE'ld . 
(b) : Dose is negligiblt' -- x-ray field completely outside of breast region . 
Units : Film Size (inchxinch), S ID (inch) , ESE (mR), HVL (mm), Dose (mr ad) .  
Table A.7 : :  Doses in T. spine (AP) examination 
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T. S p i n e ( L AT )  
Film DosE' 
No .  Rm SE'X S izE' kVp mAs SizE' S ID ESE HVL L ung ASM Thy . T . T .  TE's . SrE' . Ova . 
1 1 5  M M 70 250 1 4x 1 7  40 3637 2 .65 454 82 22 1 60 0 . 1  
2 1 5  M M 65 57 1 4x 1 7  40 7 1 5  2 .49 84 1 5  4 .0 30 (+) 
3 1 5  M S 70 77 1 4x 1 7  40 1 1 20 � 65 1 40 25 6 .9 49 (+) 
4 1 5  M S 70 1 60 1 4x 1 7 40  2328 � .65 290 52 1 4  1 02 (+) 
5 1 5  M M 70 1 1 7 1 4x 1 7  40 1 702 12 65 2 1 2  38 1 0  75 (+) 
6 1 5  M M 70 88 1 4x 1 7  40 1 280 12 65 1 60 29 7 .8 56 (+) 
7 1 5  M M 70 1 02 1 4x 1 7  40 1 484 � 65 1 85 33 9 . 1  65 (+) 
e 1 5  M L 75 243 1 4x 1 7  40  4058 � 82 532 97 27 1 86 0 . 1  
9 
1 0  
1 1  
1 2  
1 3  
1 1 4  F L 60 200 1 4x 1 7  40 1 498 3 .38 256 33 1 2  66 (a) 0 .4 
2 1 4  F L 80 200 1 1  x 1 4  40 2663 4 .04 472 58 1 4  96 (a) 0 .7 
3 1 5  F L 75 204 1 4x 1 7  40 3407 2 .82 5 1 4  65 22 1 33 (a) 0 .8 
4 1 5  F M 70 83 1 4x 1 7  40 1 207 2 .65 1 73 22 7 .4 45 (a) 0 .3 
5 1 5  F M 75 1 34 1 4x 1 7  40 2238 2 .82 338 43 1 5  87 (a) 0 .5 
6 1 5  F M 70 1 0 1  1 4x 1 7  40 1 469 2 .65 2 1 1 26 9 .0 55 (a) 0 .3 
7 1 5  F M 70 68 1 4x 1 7  40 989 2 .65 1 42 1 8  6 . 1  37 (a) 0 .2 
e 1 5  F M 70 1 80 1 4x 1 7  40 26 1 8  �.65 375 47 1 6  98 (a) 0 .6 
9 1 5  F S 70 6 1  1 4x 1 7  40 887 � .65 1 27 1 6  5 .4 33 (a) 0 .2 
1 0  
1 1  
1 2  
1 3  
ASM : Active Sone Marrow Thy . :  Thy roid T .T . :  Trunk Tissue TE's . :  TestE'S 
Sre . :  SrE'asts Ova . : Ovaries Ute . :  Uterus (+) : < 0 .05 mrad 
(a) : Not ca1cul atE'd ,  howE'vE'r breasts arE' nE'ar or partially in x-ray fiE'ld . 
(b) : DosE' is nE'gligiblE' -- x-ray fiE'ld complE'tE'ly outsidE' of brE'ast rE'gion . 
Unit s : Film S izE' (inchxinch) , S ID (inch) , ESE (mR) , HVL (mm) I Dosl' (mr ad) . 
TaLle A . 8 : :  Doses in T .  spine (LAT ) exalllin at iun 
Ut E' .  
0 .5 
0 .7 
0 .9 
0 .3 
0 .6 
0 .4 
0 .2 
0 .6 
0 .2 
61 
KUB (AP) 
Film Dost' No . Rm St'x Sizt' kVp m As Sizt' S ID ESE HVL lung ABM Thy . T .T .  Tes. Brt'. Ova . U'tt' . 
1 1 4  M M 75 80 1 4x 1 7  40 607 3 .88 9 .6 3 1  0 . 1  1 1 0 1 4  
2 1 6  M M 70 3 0  1 4x 1 7  40 287 3 .35 4 . 1  1 3  (+) 48 5.8 
3 1 2  M S 80 20 1 4x 1 7  40 258 3 .04 3 .8 1 3  (+) 42 5 .3 
4 1 2  M M 70 50 1 4x 1 7  40 493 2 .7 1  5.8 1 8  0 . 1  73 8 .2 
5 1 5  M M 75 70 1 4x 1 7  40 758 2 .82 9 .3 29 0 . 1  1 1 5 1 3  
6 1 (NC) M M 7 1  63 1 4x 1 7  40 472 2 .67 5 .5 1 7  0 . 1  69 7 .8 
7 1 4  M L 70 1 1 3 1 4x 1 7  40 747 � .7 1 1 1  37 0 . 1  1 32 1 6  
8 1 4  M M 70 65 1 4x 1 7  40 430 � .7 1 6 .6 2 1  0 . 1  76 9 .3 
9 1 4  M M 90 32 1 4x 1 7  40 350 � .37 7 .4 26 0 . 1  7 1  1 0  
1 0  1 4  M S 70 25 1 4x 1 7  40 1 65 3 .7 1  2 .5 8 .2 (+) 29 3 .6 
1 1  1 5  M M 75 62 1 4x 1 7  40 67 1 2 .82 8 .3 26 0 . 1  1 02 1 2  
1 2  1 5  M M 75 7 3  1 4x 1 7  40 790 2 .82 9 .7 3 1  0 . 1  1 20 1 4  
1 3  1 5  M M 75 53 1 4x 1 7  40 574 2 .82 7 . 1  2 2  0 . 1  87 1 0  
1 1 (NC) F M 77 8 1  1 4x 1 7  40 7 1 4  � .87 9.9 34 0 . 1  1 1 2 (b) 1 73 231  
2 1 2  F M 70 3 0  1 4x 1 7  40 296 � .7 1 3 .5 1 1  (+) 44 (b) 64 87 
3 1 2  F S 70 20 1 4x 1 7  40 1 97 2 .7 1 2 .3 7 .3  (+) 29 (b) 4 3  58 
4 1 2  F M 8 0  20 1 4x 1 7  40 258 3 .04 3 .8 1 3  (+) 42 (b) 65 88 
5 1 2  F M 75 3 0  1 4x 1 7  40 340 2 .88 4 .3 1 3  0 . 1  52 (b) 78 1 05 
6 1 4  F M 70 65 1 4x 1 7  40 430 3.7 1  6 .6 2 1  0 . 1  76 (b) 1 1 7  1 58 
7 1 4  F M 90 4 0  1 4x 1 7  40 437 � .37 9.2 32 0 . 1  89 (b) 1 5 1  1 99 
8 1 4  F M 90 32 1 4x 1 7  40 350 � .37 7 .4 26 0 . 1  7 1  (b) 1 2 1  1 59 
9 1 5  F l 75 3 20 1 4x 1 7  40 3465 2 .82 43 1 34 0 .5 525 (b) 776 1 056 
1 0  1 5  F M 75 76 1 4x 1 7  40 823 2 .82 1 0  32 0 . 1  1 25 (b) 1 84 251  
1 1  1 5  F S 75 4 2  1 4x 1 7  40 455 2 .82 5 .6 1 8  0 . 1  69 (b) 1 02 1 39 
1 2  1 5  F S 75 5 5  1 4x 1 7  40 595 2 .82 7 .3 23 0 . 1  9 0  (b) 1 33 1 8 1 
1 3  1 5  F l 82 204 1 4 x 1 7  40 2640 � .05 39 1 32 0 .5 431  (b) 672 898 
ABM : Activt' Bone Marrow Thy . :  Thyrold T .T. : Trunk T,SSUt' Tt's . :  Tt'stt's 
Brt' . : Brusts Ova . :  Ovaries Ute . : Uterus (+) : < 0 .05 mr ad 
(a) : No1 calculated, however breas'ts are near or partially in x-ray field .  
(b) : Dose is negligible -- x-ray field completely ou'tside o f  breast region . 
Units : Film Size (inchxinch) , S ID (inch), ESE (mR),  HVl (mm), Dose (mrad) . 
Table A.9: :  Doses in }(UB (AP) examination 
P e l v i s  (AP)  
Film Dose No . R m  Sex Size kVp m As Size S ID ESE HVL Lung ABM Thy . T .T .  Te s .  Bre . Ova . 
1 1 (NC) M M 77 40 1 7x 1 4  4 0  352 � .87 0 . 4  1 6  (+) 58 3 1  
2 1 (NC) M M 77 80 1 7x 1 4  40 705 � .87 0.8 32 (+) 1 1 6 62 
3 1 5  M S 75 37 1 7x 1 4  40 401 12 .82 0.4 1 5  (+) 64 34 
4 1 5  M M 75 52 1 7x 1 4  40 563 � .82 0.5 2 1  (+) 89 47 
5 1 5  M M 72 40 1 7x 1 4  40 399 � .72 0.4 1 5  (+) 6 2  32 
6 1 5  M M 75 4 8  1 7x 1 4  40 520 i2 .82 0.5 20 (+) 82 44 
7 1 5  M M 75 39 1 7x 1 4  4 0  422 � .82 0 .4 1 6  (+) 67 35 
8 1 5  M M 75 3 3  1 7x 1 4  4 0  357 � .82 0.3 1 4  (+) 57 30 
9 1 5  M S 75 28 1 7x 1 4  40 303 � .82 0.3 1 1  (+) 48 25 
1 0  1 5  M M 75 4 1  1 7x 1 4  40 444 � .82 0.4 1 7  (+) 70 37 
1 1  1 5  M M 75 3 1  1 7x 1 4  40 336 � .82 0 .3 1 3  (+) 53 28 
1 2  1 5  M L 75 1 2 1 1 7x 1 4  40 1 3 1 0  � .82 1 .2 49 0 . 1  206 1 09 
1 3  
1 1 4  F S 70 25 1 7x 1 4  40 1 65 � .7 1  0 .2 8 .0 (+) 30 (b) 46 
2 1 (NC) F M 77 63 1 7x 1 4  40 555 � .87 0.7 25 (+) 9 1  (b) 1 38 
3 1 5  F L 75 1 7 1 1 7x 1 4  40 1 85 1  � .82 1 .8 70 0 . 1  294 (b) 425 
4 1 5  F S 75 38 1 7x 1 4 40 4 1 1 � .82 0 .4 1 6  (+) 65 (b) 94 
5 1 5  F S 75 75 1 7x 1 4  40 8 1 2  � .82 0.8 3 1  0 . 1  1 29 (b) 1 87 
6 1 5  F S 75 36 1 7x 1 4  4 0  390 � .82 0 .4 1 5  (+) 62 (b) 90 
7 1 5  F M 75 42 1 7x 1 4  40 455 � .82 0.4 1 7  (+) 72 (b) 1 05 
8 1 5  F M 75 34 1 7x 1 4  40 368 � .82 0 .4 1 4  (+) 58 (b) 85 
9 1 5  F M 75 4 4  1 7x 1 4  40 476 � .82 0 .5 1 8  (+) 75 (b) 1 09 
1 0  
1 1  
1 2  
1 3  
ABM : Adive Bone Marrow Thy . : Thy roid T .T . :  Trunk Tissue T es .  : Testes 
Bre . :  Breasts Ova . :  Ovaries Ute . :  Uterus (+) : < 0 .05 mrad 
(a) : Not calculated, however breasts are near or partially in x-ray field. 
(b) : Dose is neg1igib 1e -- x-ray field completely outside of breast region .  
Units : Film Size (inchxinch) , S ID (inch),  ESE (mR),  HVL (mm), Dose (mrad) .  
Table A . 1 0 : :  Doses i n  pelvis (AP)  examination 
62 
Ute . 
62 
1 84 
576 
1 28 
253 
1 2 1  
1 42 
1 1 4 
1 48 
63 
Femur  ( A P )  
Film Dos� 
No . Rm S�x SizE' kVp m As Siz� S ID ESE HVL Lung ABM Thy . T .T .  Tps . Br-� . Ova . 
1 1 5  M L 75 6 1  1 4x 1 7  40 660 2 .82 (+) 4 .8 (+) 1 6  593 
2 1 5  M M 75 1 4  1 4x 1 7  40 1 52 2 .82 (+) 1 . 1 (+) 3 .7 1 37 
3 1 5  M S 70 2 1  1 4 x 1 7  40 1 98 2 .65 (+) 1 .3 (+) 4 .6 1 74 
4 1 5  M M 75 27 1 4x 1 7  40 292 2 .82 (+) 2 . 1  (+) 7 . 1  262 
5 1 5  M M 75 1 8  1 4x 1 7  40 1 95 2 .82 (+) 1 .4 (+) 4 .7 1 75 
6 1 5  M M 75 3 1  1 4x 1 7  40 336 2 .82 (+) 2 .4 (+) 8 .2 302 
7 
8 
9 
1 0  
1 1  
1 2  
1 3  
1 1 5  F S 75 2 1  1 4x 1 7  40 227 � .82 (+) 1 .6 (+) 5 .5 (b) 1 .6 
2 1 5  F S 75 25 1 4x 1 7  40 27 1  � .82 (+) 2 .0 (+) 6 .6 (b) 1 .9 
3 1 5  F S 75 32 1 4x 1 7  40 346 2 .82 (+) 2 .5 (+) 8 .4 (b) 2 .4 
4 1 5  F S 70 1 2  l 1 x 1 4  40 1 1 3 2 .65 (+) 0.4 (+) 1 .0 (b) 0 .2 
5 1 5  F S 70 1 1  1 4x 1 7 40 1 03 2 .65 (+) 0 .7 (+) 2 .4 (b) 0 .7 
6 1 5  F M 75 23 1 4x 1 7  40 249 � 82 (+) 1 .8 (+) 6 . 1 (b) 1 .7 
7 1 5  F M 75 33 l 1 x 1 4  40 357 � .82 (+) 1 .5 (+) 3 .6 (b) 0 .9 
8 1 5  F M 75 30 l 1 x 1 4  40 325 2 .82 (+) 1 .4 (+) 3 .3 (b) 0 .8 
9 1 5  F M 75 1 9  1 4x 1 7 40 206 2 .82 (+) 1 .5 (+) 5 .0 (b) 1 .4 
1 0  1 5  F M 75 28 1 4x 1 7  40 303 2 .82 (+) 2 .2 (+) 7 .4 (b) 2 . 1  
1 1  
1 2  
1 3  
ABM : ActivE' Bont' Marrow Thy . :  Thyroid T .T . :  Trunk Tissue TE's . :  TestE'S 
Brt' . : Br�asts Ova.  : OvariE's Utt'. : Uterus ( + ) : ( 0 .05 mr ad 
(a) : Not ca lculatE' d ,  however breasts are near or partially in x-r ay field . 
(b) : Dose is ne9ligible -- x-ray fiE'ld compl�t�ly outside of breast regio n .  
Units : Film S ize (inchxinch), S ID (inch) , ESE (mR ) ,  H V L  (mm) , DoSE' (mr-ad) . 
TaLJe A . l l : :  Doses i l l  ft'lI IUf (AP)  eX811lil lsi ioll 
Ut� . 
2 .3 
2 .8 
3 .5 
0 .4 
1 .0 
2 .5 
1 .4 
1 .3 
2 . 1  
3 . 1  
S h o u l d e r  ( o n e ,  AP)  
Film Dos� 
No. Rm S�X Siz:� kVp mAs Siz:� S ID ESE HVL L ung ABM Thy . T .T .  
1 1 5  M M 72 25 l l x 1 4  40 249 � .72 33 3 .6 1 0  9 .3 
2 1 5  M M 75 1 6  1 0x 1 2  40 1 73 �.82 1 8  2 .2 3 .9 5 .5 
3 1 5  M M 72 23 1 0x 1 2 40 229 t2 .72 24 2 .8 5 .0 7 .2 
4 1 5  M S 75 1 4  l l x 1 4  40 1 52 t2 .82 20 2 .3 6 .6 5 .8 
5 1 5  M M 75 1 8  1 0x 1 2  40 1 95 � .82 2 1  2 .5 4 .4 6 .2 
6 1 5  M S 75 1 7  1 0x 1 2  40 1 84 � .82 1 9  2 .4 4 . 1  5 .9 
7 1 5  M M 75 1 6  1 0x 1 2  40 1 73 t2.82 1 8  2 .2 3 .9 5 .5 
8 
9 
1 0  
1 1  
1 2  
1 3  
1 1 3  F M 70 20 1 0x 1 2  40 1 35 12 .42 1 1  1 .6 3 .2 3 .6 
2 1 5  F M 75 1 6  l 1 x 1 4  40 1 73 12 .82 1 7  2 .2 7 .5 5 .3  
3 1 5  F M 75 32 1 0x 1 2  40 268 12 .82 2 1  2 .9 6 .0 6 .9 
4 1 5  F M 75 20 1 0x 1 2  40 1 67 2 .82 1 3  1 .8 3 .7 4 .3 
5 1 5  F 11 75 1 9  l 1 x 1 4  40 206 2 .82 2 1  2 .6 8 .9 6 .3 
6 1 5  F S 75 1 4  l 1 x 1 4  40 1 52 2 .82 1 5  1 .9 6 .6 4 .7 
7 1 5  F M 75 1 8  l l x 1 4  40 1 95 12 .82 20 2 .5 8 .4 6 .0 
8 1 5  F M 75 1 9  l l x 1 4  40 206 2 .82 2 1  2 .6 8 .9 6 .3 
9 
1 0  
1 1  
1 2  
1 3  
ABM : Adiv� Bon� Marro'W' Thy . :  Thy roid T .T . :  Trunk Tissu� 
Br� . :  Br�asts Ova . : Ovari�s Ut� . :  Ut�rus (+ ) : < 0 .05 mr ad 
(a) : Not ca lculdt�d , ho'W'�ver bredsts dre near or partid lly in x-r ay field . 
(b) : Dose is rlegligible -- x-ray fi�ld completely outs idE' of breast r�gion . 
Units : Film Siz:� (inchxinch) I S ID (inch) I ESE (mR) I HVL (mm) I Dos� (mr ad) . 
T�s . 
(+) 
(+) 
(+) 
(+) 
(+) 
(+) 
(+) 
Table A . 1 2 : :  Doses ill shoulder (one, AP) examin at i on 
G 1  
Br� . Ova . Ut� .  
(a) (+) (+) 
(a) (+) (+) 
(a) (+) (+) 
(a) (+) (+) 
(a) (+) (+) 
(a) (+) (+) 
(a) (+) (+) 
(a) (+) (+) 
Appendix B - M e V  Hospital X- Ray Machine S urvey 
Report 
m R / m A s  
R o o m  ( 80  k V p ,  4 0  I n c h e s )  
2 6 .76  
1 0  # 7 .34  
1 2  7 . 34  
1 3  4. 7 7 ( 7 8  kVp )  
1 4  4. 92  
1 5  7 .02  
1 6  7 . 1 2  
1 7  5 . 25  (90  k Vp )  
1 8  7 .58  
1 ( E D . )  '" 5 .60  
2 ( E .  D )  7 .35  
3 ( E D )  # #  7 .35  
1 ( N C . )  H 5 .42 
2 ( N C . )  7 .70  
* E . D .  = E m e rg e n c y  D e p e r t m e n t  
* *  N . C .  = N e l s o n  C l i n i c  
# R o o m  1 0  e n d  1 2  s h e re e g e n e re t o r  
H V L  ( m m  A L )  
( 80  k V p )  
2 . 9 5  
3 . 0 4  
3 . 0 4  
2 . 7 5  
4. 0 4  
2 . 9 8  
3 . 6 8  
5 . 2 0  
3 . 43 
3 .48 
3 . 7 2  
3 . 7 2  
2 . 9 7  
3 . 2 5  
# #  R o o m  3 ( E D . )  e n d  2 ( E . D ) s h e re e g e n e r e t o r  
Table U . l : :  tl1 C; V  Hosp i t al x-ray mar l l i l le  S l I rVE'y report 
65 
Vita 
66 
